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INTEGRATED NUCLEIC ACID DIAGNOSTIC DEVICE 



CROSS REFERENCE TO RELATED APPLICATIONS 
The present application is a regular application 
claiming priority from Provisional U.S. Patent Application 
10 Serial No. 60/000,703 , filed June 29, 1995, and Provisional 
U.S. Patent Application No. 60/000859, filed July 3, 1995. 
This application is also a continuation-in-part of U.S. Patent 
Application Serial No. 08/589,027, filed January 19, 1996. 
Each of these applications is incorporated herein by reference 
15 in its entirety for all purposes. 



GOVERNMENT RIGHTS 
The present invention was made with U.S Government 
support under ATP Grant No. 70NANB5H1031. The government has 
20 certain rights in this invention. 



BACKGROUND OF THE INVENTION 
The relationship between structure and function of 
macromolecules is of fundamental importance in the 
25 understanding of biological systems. These relationships are 
important to understanding, for example, the functions of 
enzymes, structure of signalling proteins, ways in which cells 
communicate with each other, as well as mechanisms of cellular 
control and metabolic feedback. 
30 Genetic information is critical in continuation of 

life processes. Life is substantially inf ormationally based 
and its genetic content controls the growth and reproduction 
of the organism. The amino acid sequences of polypeptides, 
which are critical features of all living systems, are encoded 
35 by the genetic material of the cell. Further, the properties 
of these polypeptides, e.g., as enzymes, functional proteins, 
and structural proteins, are determined by the sequence of 
amino acids which make them up. As structure and function are 
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integrally related, many biological functions may be explained 
pro^ r'" 9 ^ St —1 feature! which 

11 2 fUnCti ° nS ' and structures are determined 

by the underlying genetic information in the form of 
5 polynucleotide sequences. m addition to encoding 
polypeptides, polynucleotide sequences can also be 
specifically involved in, for example, the control and 
regulation of gene expression. 

> be of ° f thiS genStiC inf °™^ion has proved to 

be of great value in providing a better understanding of life 
processes, as weir as diagnosing and treating a large number 
of disorders. m particular, disorders which are caused by 
mutations, deletions or repeats in specific portions of thl 
genome, may be readily diagnosed and/or treated using genetic 
techniques. Similarly, disorders caused by external agents 
may be diagnosed by detecting the presence of genetic material 

vira" ™ A " ^ CXternal - 

of id 6 .-. While geneti ° meth ° dS are ^"lly capable 

of xdentxfymg these genetic sequences, such methods generally 
rely on a multiplicity of distinct processes to elucidate the 
nucleic acid sequences, with each process introducing a 

aurora" 1 T ^° *** Pr ° CeSS ' ***** P-cesses 

also draw from a large number of distinct disciplines, 

including chemistry, molecular biology, medicine and others. 
It would therefore be desirable to integrate the various 
process used in genetic diagnosis, in a single process, at a 
minimum cost, and with a maximum ease of operation. 

Interest has been growing in the fabrication of 
microfluidic devices. Typically, advances in the 
semiconductor manufacturing arts have been translated to the 
fabrication of micromechanical structures, e.g., micropumps, 
mxcrovalves and the lixe, and microfluidic devices including 
miniature chambers and flow passages. 

A number of researchers have attempted employ these 
microfabrication techniques in the m. ,iaturi 2 ation of some of 
the processes involved in genetic analysis in particular. For 
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example, published PCT Application No. WO 94/05414, to 
Northrup and White, incorporated herein by reference in its 
entirety for all purposes, reports an integrated micro-PCR 
apparatus for collection and amplification of nucleic acids 
from a specimen. However, there remains a need for an 
apparatus which combines the various processing and analytical 
operations involved in nucleic acid analysis. The present 
invention meets these and other needs. 

SUMMARY OF THE INVENTION 
The present invention generally provides miniature 
integrated fluidic systems for carrying out a variety of 
preparative and analytical operations, as well as methods of 
operating these systems and methods of using these systems. In 
a first aspect, the present invention provides a miniature 
fluidic system which comprises a body having at least first 
and second chambers disposed therein. Each of these first and 
second chambers has a fluid inlet and is in fluid connection. 
At least one of these first and second chambers is a 
hybridization chamber for analyzing a component of a fluid 
sample. The hybridization chamber includes a polymer array 
which has a plurality of different polymer sequences coupled 
to a surface of a single substrate, each of the plurality of 
different polymer sequences being coupled to the surface in a 
different, known location. The system further includes a 
sample inlet, fluidly connected to at least one of the first 
and second chambers , for introducing a fluid sample into the 
system, and a fiuid transport system for moving a fluid sample 
from the first chamber to the second chamber. 

In a preferred aspect, the fluid direction system 
comprises a pneumatic manifold for applying a differential 
pressure between the first chamber and the second chamber, to 
move said fluid sample from the first chamber to the second 
chamber . 

In a related aspect, the p* *sent invention provides 
a miniature fluidic system, which is substantially the same as 
that described above, except that in place or in addition to a 
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hybridization chamber, the system comprises a separation 
channel for separating a component of said fluid sample. The 
separation channel is fluidly connected to at least one of the 
chambers and includes at least first and second electrodes in 
electrical contact with opposite ends of the separation 
channel for applying a voltage across said separation channel. 

Similarly, in an additional aspect, the present 
invention provides a substantially similar f luidic system as 
described, except where at least one of the chambers comprises 
an in vitro transcription reaction chamber, the in vitro 
transcription reaction chamber having an effective amount of 
an RNA polymerase and four different nucleoside triphosphates, 
disposed therein. 

Further, the system may comprise a body wherein at 
least one of the chambers is a cell lysis chamber which 
includes a cell l ysis system, for lysing cells in said fluid 
sample. 

In a still further related aspect, at least one of 
the chambers may be a nucleic acid purification chamber, for 
separating nucleic acids in said fluid sample from other 
contaminants in said fluid sample. 

The present invention also provides a miniature 
fluidic system which comporises a differential pressure 
delivery system for transporting fluids through the system. 
In particular, in one aspect, the present invention provides a 
miniature fluidic system, which includes a body having at 
least a first reaction chamber fluidly connected to a second 
reaction chamber by a fluid passage. The system also includes 
a sample inlet, fluidly connected to the first chamber, for 
30 introducing a fluid sample into the system. The system 

further includes a differential pressure delivery system for 
maintaining the first chamber at a first pressure and the 
second chamber at a second pressure, wherein the first 
pressure is greater than ambient pressure and the second 
35 pressure is greater than said first pressure. When the second 
chamber is brought to ambient pressure, the first pressure 
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forces a liquid sample in the first chamber into the second 
chamber . 

In an alternate aspect, the fluidic system employs a 
differential pressure delivery source for maintaining the 
5 first chamber at a first pressure and the second chamber at a 
second pressure, where the second pressure is less than 
ambient pressure and the first pressure is less than the 
second pressure. When the first chamber is brought to ambient 
pressure, the second pressure draws a liquid sample in the 

10 first chamber into the second chamber. 

The present invention also provides methods of 
directing, controlling and manipulating fluids in miniature or 
micro-f luidic systems. 

For example, in one aspect, the present invention 

15 provides a method for directing a fluid sample in a miniature 
fluidic system which comprises providing a microf abricated 
device having at least first and second chambers disposed 
therein, wherein each of said at least first and second 
chambers is in fluid connection with a common chamber or 

20 channel, has at least first and second controllable valves 
disposed across said fluid connection, respectively, and 
includes at least one vent. The method comprises applying a 
positive pressure to the common chamber or channel. The at 
least first controllable valve is selectively opened, whereby 

25 the positive pressure forces the fluid sample from the common 
chamber or channel into the first chamber. 

The method may further comprise applying a positive 
pressure to the first chamber and selectively opening the 
least first controllable valve, whereby the positive pressure 

30 forces said fluid sample from the least first chamber into the 
common chamber or channel. 

The present invention also provides methods of 
mixing at least two discrete fluid components in a . 
microf abricated fluidic system. Specifically, the method 

35 comprises providing a microf abricated channel having a vent 
disposed at an intermediate location in said channel. 
Typically, the vent includes a gas permeable, fluid barrier 
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dispose across the vent. At least two discrete il» ia 
I^IT the " intr ° a '"«' S int ° ^e channel separated by a 
last T tlOWin ' " lMSt *" -»P°ne„ts 

5 least two fluid components to mix. 

The present invention also provides methods of 

f tllTiT y ! eaSUrin9 3 kn ° Wn volu »* of a fluid in a miniature 
fluidic system. m particular, the method comprises providing 

10 VT d6ViCe at l6aSt fi ~* «- second 

10 chambers disposed therein, wherein the at least first and 

oZT* ITT 3 " flUid COnnecti -' -d wherein at least 

2121 r S lS 3 V ° 1Umet " c ^ having a fcnown 

volume. The volumetric chamber is filled with the fluid to 

15 Z l flrSt aliqUOt ° f flUid - This is then 

traZorT t0 ' he at 1SaSt SeC ° nd Chamber and the -a 
transporting steps are repeated. 



25 



30 



35 



BRIEF DESCRIPTION OF THE DRAWINGS 
Figure i shows a schematic representation of a 

tilt T* d±agnOStiC S * Stera *~ —lysis of nucleic acids 
from samples, 

two a n- F i gUrSS ^ and 2b Sh ° W schematic representations of 
two alternate reaction chamber designs from a cut-away view. 

Figure 3 shows a schematic representation of a 
miniature integrated diagnostic device having a number of 
reaction chambers arranged in a serial geometry. 

Figures 4A-C show a representation of a 
microcapillary electrophoresis device. Figures 4A and 4B show 
the microcapillary configured for carrying out alternate 
loading strategies for the microcapillary whereas Figure 4C 
illustrates the microcapillary in running mode. 

Figure 5A illustrates a top view of a miniature 
integrated device which employs a centralized geometry. 
Figure SB shows a side view of the same device wherein the 
central chamber is a pumping chamber, and employing diaphragm 
valve structures for sealing reaction chambers. 
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Figure 6 shows schematic illustrations of pneumatic 
control manifolds for transporting fluid within a miniature 
integrated device. Figure 6 A shows a manifold configuration 
suitable for application of negative pressure, or vacuum, 
5 whereas Figure 6B shows a manifold configuration for 

application of positive pressures. Figure 6C illustrates a 
pressure profile for moving fluids among several reaction 
chambers . 

Figure 7A shows a schematic illustration of a 
10 reaction chamber incorporating a PZT element for use in mixing 
the contents of the reaction chamber. Figure 7B shows mixing 
within a reaction chamber applying the PZT mixing element as 
shown in Figure 7A. Figure 7C is a bar graph showing a 
comparison of hybridization intensities using mechanical 
15 mixing, acoustic mixing, stagnant hybridization and optimized 
acoustic mixing. 

Figure 8 is a schematic illustration of a side and 
top view of a base-unit for use with a miniature integrated 
device. 

20 Figure 9 is a time temperature profile of thermal 

cycling in a miniature reaction chamber and a display of the 
programmed cycling parameters. 

Figure 10A is a gel showing a time course of an RNA 
fragmentation reaction. Figure 10B is a gel showing a 
25 comparison of the product of an in vitro transcription 

reaction in a microchamber vs. a control (test tube) . Figure 
10C is a comparison of the PCR product produced in a PGR 
thermal cycler and that produced by a roicroreactor. 

Figure 11 shows an embodiment of a reaction chamber 
30 employing an electronic pH control system. 

Figure 12A-C show a schematic representation of a 
miniature integrated device employing a pneumatic fluid 
direction system utilizing a gas permeable fluid barrier bound 
* vents, e.g., a poorly wetting or hydrophobic membrane, and 

35 pneumatically controlled valves. Figure 12A shows an 

embodiment of a single chamber employing this system. Figure 
12B is a schematic illustration of a debubbling chamber for 
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iSST "p SCrete " Uia P1 " 9S "•»«*- •* a gas 

.Tint' ?7* illustrates this system in 

degassmg chafer, dosing or volumetric cha 9 

In^r ° h *" berS - Fi9Ure " D " " "1"»~» of » 
injection molded 5ubstrate whioh e]nbodias 

schematically illustrated in p igure 12c . 

oonfi * i5Ure 13 is » schematic representation of a device 

10 reactions " — "» * 

™„,- Fi9 " re " " 8 sche ""> tl <= representation of a device 

configuration for carrying multiple parallel reactio „ 6 

Fl9Ure " ° h °" S " de »c"««tion of integrated 
15 m T" ln ° " iCro£abri c^ polycarbonate device. Pigu re 
15 15A ehows the layout of the device induding the therm^ 

«— ™ -o„s the ~ ts of 

20 

DETAILED DESCRIPTION OF THE INVENTION 

z - Genera ^ 

It is a general object of the present invention to 
Provide a miniaturized integrated nucleic acid diagnostic 

2S TZ* an * ; yStemS «— -vices. Se duce 

ILT T " " genera11 ^ Ca * abl * <* Performing one or 
1" . 8a ! Ple ac ^-ition and preparation operations, in 

eCle T h ° ne ° r ^ 3nalySis nations. Por 

example, the devxce can integrate several or all of the 

operations involved in sample acquisition and storage sample 
»0 preparation and sample analysis, within a single 

miniaturized, integrated unit. The device is useful in a 

lllT\° f aPPlicati ° ns and raost n<*ably, nucleic acid based 
diagnostic applications and de novo sequencing applications 
The device of the invention will typically be one 

r™v fa T ger dia9nostic systera whi - ~ >~ 

a reader device for scanning and obtaining the data from the 
aevxce, and a computer based interface for controlling the 
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device and/ or interpretation of the data derived from the 
device. 

To carry out its primary function, one embodiment of 
the device of the invention will typically incorporate a 
5 plurality of distinct reaction chambers for carrying out the 
sample acquisition, preparation and analysis operations. In 
particular, a sample to be analyzed is introduced into the 
device whereupon it will be delivered to one of these distinct 
reaction chambers which are designed for carrying out a 
10 variety of reactions as a prelude to analysis of the sample. 
These preparative reactions generally include, e.g., sample 
extraction, PCR amplification, nucleic acid fragmentation and 
labeling, extension reactions, transcription reactions and the 
like. 

15 Following sample preparation, the sample can be 

subjected to one or more different analysis operations. A 
variety of analysis operations may generally be performed, 
including size based analysis using, e.g., microcapillary 
electrophoresis, and/or sequence based analysis using, e.g., 

20 hybridization to an oligonucleotide array. In addition to the 
various reaction chambers, the device will generally comprise 
a series of fluid channels which allow for the transportation 
of the sample or a portion thereof, among the various reaction 
chambers. Further chambers and components may also be 

25 included to provide reagents, buffers, sample manipulation, 

e.g., mixing, pumping, fluid direction (i.e., valves) heating 
and the like. 

II. 3;nteqr<jitable Operations 

30 A. Sample Acquisition 

The sample collection portion of the device of the 
present invention generally provides for the identification of 
the sample, while preventing contamination of the sample by 
external elements, or contamination of the environment by the 

35 sample. Generally, this is carried out by introducing a 

sample for analysis, e.g., preamplified sample, tissue, blood, 
saliva, etc., directly into a sample collection chamber within 
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the device. Typically, the prevention of cross-contamination 
of the sample may be accomplished by directly injecting the 
sample into the sample collection chamber through a sealable 
opening, e.g., an injection valve, or a septum. Generally 
5 sealable valves are preferred to reduce any potential threat 
of leakage during or after sample injection. Alternatively 
the device may be provided with a hypodermic needle integrand 
within the device and connected to the sample collection 

in W*' ^ dlreCt acqUisition of ^e sample into the sample 
10 chamber. This can substantially reduce the opportunity for 
contamination of the sample. 

In addition to the foregoing, the sample collection 
portion of the device may also include reagents and/or 
treatments for neutralization of infectious agents 
15 stabilization of the specimen or sample, p H adjustments, ard 
the lilce. Stabilization and pH adjustment treatments may 
include, e.g., introduction of heparin to prevent clotting of 
blood samples, addition of buffering agents, addition of 
protease or nuclease inhibitors, preservatives and the like. 
20 such reagents may generally be stored within the sample 

collection chamber of the device or may be stored within a 
separately accessible chamber, wherein the reagents may be 
added to or mixed with the sample upon introduction of the 
sample into the device. These reagents may be incorporated 
25 within the device in either liquid or lyophilized form, 
depending upon the nature and stability of the particular 
reagent used. 

B « .Sample Preparation 

In between introducing the sample to be analyzed 

>0 into the device, and analyzing that sample, e.g., on an 

oligonucleotide array, it will often be desirable to perform 
one or more sample preparation operations upon the sample. 
Typically, these sample preparation operations will include 
such manipulations as extraction of intracellular material 

5 e.g., nucleic acids from whole cell samples, viruses and the 
like, amplification of nucleic acids, fragmentation, 
transcription, labeling and/or extension reactions.' One or 
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more of these various operations may be readily incorporated 
into the device of the present invention. 
C. DNA Extraction 

For those embodiments where whole cells , viruses or 
other tissue samples are being analyzed, it will typically be 
necessary to extract the nucleic acids from the cells or 
viruses, prior to continuing with the various sample 
preparation operations. Accordingly, following sample 
collection, nucleic acids may be liberated from the collected 
cells, viral coat, etc., into a crude extract, followed by 
additional treatments to prepare the sample for subseguent 
operations, e.g., denaturation of contaminating (DNA binding) 
proteins, purification, filtration, desalting, and the like. 

Liberation of nucleic acids from the sample cells or 
viruses, and denaturation of DNA binding proteins may 
generally be performed by physical or chemical methods. For 
example, chemical methods generally employ lysing agents to 
disrupt the cells and extract the nucleic acids from the 
cells, followed by treatment of the extract with chaotropic 
salts such as guanidinium isothiocyanate or urea to denature 
any contaminating and potentially interfering proteins. 
Generally, where chemical extraction and/or denaturation 
methods are used, the appropriate reagents may be incorporated 
within the extraction chamber, a separate accessible chamber 
or externally introduced. 

Alternatively, physical methods may be used to 
extract the nucleic acids and denature DNA binding proteins. 
U.S. Patent No. 5,304,487, incorporated herein by reference in 
its entirety for all purposes, discusses the use of physical 
protrusions within microchannels or sharp edged particles 
within a chamber or channel to pierce cell membranes and 
extract their contents. Combinations of such structures with 
piezoelectric elements for agitation can provide suitable 
shear forces for lysis. Such elements are described in 
greater detail with respect to nucleic acid fragmentation, 
below. 
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be used M ° re traditi ° nal Methods ° f ~" extraction may also 
*e used, e.g., employing a channel with restricted cross- 
sectional dimension which causes cell lysis when the sample is 

S "J""?* ° hannel ^ SU " iCi6nt ^ P-ssure 

Alternatively, cell extraction and denaturing of contaminating 
proteins may be carried out by applying an alternating 
electrical current to the sample. More specifically, the 

aHiternat 6115 J" * » ic "*^~ array while 

10 Tlot T ^ ° Urrent iS aPPlied across "uid 

devL o/th lety ° f ° ther mSth0dS ^ ^ Util±2ed Within ^e 
device of the present invention to effect cell 

lysis/extraction, including, e.g., subjecting cells to 

ultrasonic agitation, or forcing cells through microgeometry 

is z"z::' thm : y subjecting the ceiis to high — 

resulting m rupture. 

seMr . Z° ll0Win9 6XtraCtion ' At w ^ o"en be desirable to 
separate the nucleic acids from other elements of the crude 
extract, e.g., denatured proteins, cell membrane particles, 
salts and the like. Removal of particulate matter is 
generally accomplished by filtration, flocculation or the 

into'th. r""^ ° f f±lter be readil * -^orated 

« use! Z FUrth6r ' ChemiCal de -turing methods 

are used, it may be desirable to desalt the sample prior to 
proceeding to the next step. Desalting of the sample, and 
isolation of the nucleic acid may generally be carried out in 
a single step, e.g., by binding the nucleic acids to a solid 
Phase and washing away the contaminating salts or performing 
gel filtration chromatography on the sample, passing salts 
through dialysis membranes, and the like. Suitable solid 
supports for nucleic acid binding include, e.g., diatomaceous 
earth, silica (i.e., glass wool), or the like. Suitable gel 
exclusion media, also well known in the art, may also be 
readily incorporated into the devices of the present 

35 iZ^^' ^ " C01mnerciall y mailable from, e.g., Pharmacia 
35 and Sigma Chemical. 

The isolation and/or gel filtration/desalting may be 
carried out in an additional chamber, or alternatively, the 
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particular chromatographic media may be incorporated in a 
channel or fluid passage leading to a subsequent reaction 
chamber* Alternatively, the interior surfaces of one or more 
fluid passages or chambers may themselves be derivatized to 
provide functional groups appropriate for the desired 
purification, e.g., charged groups, affinity binding groups 
and the like, i.e., poly-T oligonucleotides for mRNA 
purification. 

Alternatively, desalting methods may generally take 
advantage of the high electrophoretic mobility and negative of 
DNA compared to other elements. Electrophoretic methods may 
also be utilized in the purification of nucleic acids from 
other cell contaminants and debris. In one example, a 
separation channel or chamber of the device is fluidly 
connected to two separate "field" channels or chambers having 
electrodes, e.g., platinum electrodes, disposed therein. The 
two field channels are separated from the separation channel 
using an appropriate barrier or "capture membrane" which 
allows for passage of current without allowing passage of 
nucleic acids or other large molecules. The barrier generally 
serves two basic functions: first, the barrier acts to retain 
th> nucleic acids which migrate toward the positive electrode 
within the separation chamber; and second, the barriers 
prevent the adverse effects associated with electrolysis at 
the electrode from entering into the reaction chamber (e.g., 
acting as a salt junction). Such barriers may include, e.g., 
di' lysis membranes, dense gels, PEI filters, or other suitable 
materials. Upon application of an appropriate electric field, 
the nucleic acids present in the sample will migrate toward 
the positive electrode and become trapped on the capture 
membrane. Sample impurities remaining free of the membrane 
are then washed from the chamber by applying an appropriate 
fluid flow. Upon reversal of the voltage, the nucleic acids 
are released from the membrane in a substantially purer form. 
The field channels may be disposed on the same or opposite 
sides or ends of a separation chamber or channel, and may be 
used in conjucton with mixing elements described herein, to 
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ensure maximal efficiency of operation . 

filters may also be overLd on th ^ 

ruling of the carriers by pj^^.^!" t0 m " 

-ilit y -fiS^^T^ : h h ; ir h - h -ectro Pho retic 
utilized to separate nucleic L^ f ne93tiVe Ch ^ es ' ™* *>* 
utilizing a snort column o olZ^^ 
or gel which will slow or retard^ « aPPr ° Priate 

- contaminants while allowing thTfa^e tcl^L t 

For a number of ann n Paf . 1C acids to Pass. 

'•bris. ana other contMlmn 9 ts ™ C IZ, ° eUUlar 
present invention mav «, ' device of the 

- purification chLo^VchZeV""' in ° 1Uae " « 
Purification t alca s aavan^Hf «, 9 ' nera1 ' ^ 

p.rticu lar ,„ d as note : a ^: e of p ^ y e .^: A - -«.. In 
"thin . ; r ^ y „L :ri u : i : otides My 

as affinity ligands for BBW , ,> " el ° f the device to serve 

— ^ « :„,„„.: r nuoleotides ° n *- su ««° « «- 

» herein incLotr. / o^T 1 " ^ ^ methMS 

surface foilowel bv st^ ! ^ '""""ion »* the 

oi^onuci Jin. ^ Standard DMT « the 

this oha j: r::::::; jr. 1 ?*: sampie is intt ° au »* *«• 

»0 the ionic strength for h yorL h ! Sa " S ° 1U "° n '° in — 

- thfi^ij r r e~ ?- — ■*» 

». enhsncea through incrporetion It ^.T "* 
~, The surface ere a upon which 
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oligonucleotides are immobilized may ba increased through the 
use of etched structures within the chamber or channel, e.g., 
ridges, grooves or the like. Such structures also aid in the 
agitation of the contents of the chamber or channel, as 
5 described herein. Alternatively, the poy-T oligonucleotides 
may be immobiliized upon poroussur faces, e.g., porous silicon, 
zeolites silica xerogels, scintered particles, or other solid 
supports . 

D. Amplification and In Vitro Transcription 

10 Following sample collection and nucleic acid 

extraction, the nucleic acid portion of the sample is 
typically subjected to one or more preparative reactions. 
These preparative reactions include in vitro transcription, 
labeling, fragmentation, amplification and other reactions. 

15 Nucleic acid amplification increases the number of copies of 
the target nucleic acid sequence of interest. A variety of 
amplification methods are suitable for use in the methods and 
device of the present invention, including for example, the 
polymerase chain reaction method or (PCR) , the ligase chain 

20 reaction (LCR) , self sustained sequence replication (3SR) , and 
nucleic acid based sequence amplification (NASBA) . 

The latter two amplification methods involve 
isothermal reactions based on isothermal transcription, which 
produce both single stranded RNA (ssRNA) and double stranded 

25 DNA (dsDNA) as the amplification products in a ratio of 
approximately 3 0 or 100 to 1, respectively. As a result, 
where these latter methods are employed, sequence analysis may 
be carried out using either type of substrate, i.e., 
complementary to either DNA or RNA. 

30 in particularly preferred aspects, the amplification 

step is carried out using PCR techniques that are well known 
in the art. See PCR Protocols: A Guide to Methods and 
Applications (Innis, M. , Gelfand, D. , Sninsky, J. and White, 
T. , eds.) Academic Press (1990), incorporated herein by 

35 reference in its entirety for all purposes. PCR amplification 
generally involves the use of one strand of the target nucleic 
acid sequence as a template for producing a large number of 
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complements to that sequence. Generally, two primer sequences 
complementary to different ends of a segment of the 
complementary strands of the target sequence hybridize with 
thexr respective strands of the target sequence, and in the 
Presence of polymerase enzymes and nucleoside triphosphates, 
the prxmers are extended along the target sequence. The 
extensions are melted from the target sequence and the process 
is repeated, this time with the additional copies of the 
target sequence synthesized in the preceding steps, pcr 
10 amplification typically involves repeated cycles of 

denaturation, hybridization and extension reactions to produce 
sufficient amounts of the target nucleic acid. The first step 
of each cycle of the PCR involves the separation of the 

15 strands 1 IT ^ * ^ * rW «*— *». Once the 

strands are separated, the next step i„ PCR involves 

tlrlet ^ S6parated strands with primers that flan* the 

target sequence. The primers are then extended to form 

PCR amplication, the primers are designed so that the 
position at which each primer hybridizes along a duplex 
sequence is such that an extension product synthesized from 
one prxmer, when separated fro* the template (complement) , 
serves as a template for the extension of the other primer. 
The cycle of denaturation, hybridization, and extension is 
repeated as many times as necessary to obtain the desired 
amount of amplified nucleic acid. 

In PCR methods, strand separation is normally 
achieved by heating the reaction to a sufficiently high 
temperature for a sufficient time to cause the denaturation of 
«0 the duplex but not to cause an irreversible denaturation of 
the polymerase enzyme ( See U.S. Patent No. 4,965,188 
incorporated herein by reference, . Typical heat denaturation 
involves temperatures ranging from about 80»C to I05°c for 
times ranging from seconds to minutes, strand separation 
however, can be accomplished by any suitable denaturing method 
including physical, chemical, or enzymatic means, strand 
separation may be induced by a helicase, for example, or an 



WO 97/02357 



PCT/US96/11147 



17 

enzyme capable of exhibiting helicase activity. For example, 
the enzyme RecA has helicase activity in the presence of ATP. 
The reaction conditions suitable for strand separation by 
helicases are known in the art (see Kuhn Hof fman-Berling, 
5 1978, CSH-Quantitative Biology, 43:63-67; and Radding, 1982, 
Ann. Rev. Genetics 16:405-436, each of which is incorporated 
herein by reference) . Other embodiments may achieve strand 
separation by application of electric fields across the 
sample- For example, Published PCT Application Nos. WO 
10 92/04470 and WO 95/25177, incorporated herein by reference, 

describe electrochemical methods of denaturing double stranded 
DNA by application of an electric field to a sample containing 
the DNA, Structures for carrying out this electrochemical 
denaturation include a working electrode, counter electrode 
15 and reference electrode arranged in a potentiostat arrangement 
across a reaction chamber (See, Published PCT Application Nos. 
WO 92/04470 and WO 95/25177, each of which is incorporated 
herein by reference for all purposes) . Such devices may be 
readily miniaturized for incorporation into the devices of the 
20 present invention utilizing the microf abrication techniques 
described herein. 

Template-dependent extension of primers in PCR is 
catalyzed by a polymerizing agent in the presence of adequate 
amounts of at least 4 deoxyribonucleotide triphosphates 
25 (typically selected from dATP, dGTP, dCTP, dUTP and dTTP) in a 
reaction medium which comprises the appropriate salts, metal 
cations, and pH buffering system. Reaction components and 
conditions are well known in the art (See PCR Protocols: A 
Guide to Methods and Applications (Innis, M. , Gelfand, D., 
30 Sninsky, J. and White, T. , eds.) Academic Press (1990), 

previously incorporated by reference) . Suitable polymerizing 
agents are enzymes known to catalyze template-dependent DNA 
synthesis. 

Published PCT Application No. WO 94/05414, to 
35 Northrup and White, discusses the use of a microPCR chamber 
which incorporates microheaters and micropumps in the thermal 
cycling and mixing during the PCR reactions. 
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The amplification reaction chamber of the davi^. 

amplification reagents. However, in preferred aspects the 
amplification chamber will nave an effective a-ount 2 

wtL t r Pl " iCa " 0n " a9ente dM " itea Predisposed 

reagent^ 'T""-" 0 " • « "thin an associated 

reagent chamber whereby the reagents can be readily 

ZTZ'Sl t ! the MPli "- ti - «— « °P°n initiation of 
the amplification operation. By ••effective amount" is meant . 
• ^ntity and/or concentration of reagents reguireo to carry 
out amplification of . targeted nucleic - =-ry 

7™. it:::* it^tt cion ^- a ^ — « 

■™ „ ' ld s P rln 9 Harbor Laboratory, (19 8 ») ,,,„ 

^ Protocols.- „ ^ to maota w il)pJjM(:lo J' <^> 

(«90) , both of which are incorporated herein by reference for 
.11 purposes in their entirety, per those embodiments 7„ 
the various reagent, are predisposed within the amplified 

zzev : hMbet ' lt w111 o,ten be f » 

"f. Of tn" *" ly ° Phili " a *• P—ide maximum shelf 

to IZ T ' 1 aeVlC *- Ia *~*»tK>» Of the li,„ ia ' 

to^the chamber then reconstitutes the reagents in active firm 
and the particular reactions may be carried out. 

in some aspects, the polymerase enzyme may be 
present within the amplified chaMMr> coupM J 

ZllT SUPP ° rt ' " " " a " S and <* the 

r anber - suitabie s ° iia supp °" s «— 

"iLr d T° Wn " '- 9 -' ag "°"' ""Ulose. 

to sotL y *' poIy «*"~- «<=• Coupling of mzymes 

en S v°. T " aS been raPOrted '° -t-bUltr to^he 

ev^on" '""L ' " hiCh all °" S £ ° r St ° ra9e ° £ - 
wltLu! ^ a SUbSt »" t " 1 »« ^ «nzyme activity, and 

Without the necessity of lyophilizing the enzyme. The Z kd 

XT ^ P ° ly »— ™ermus aguaticus ,or tag' 

polymerase, is particular!, suited for the PCR based 
amplification methods used in the present invention, and is 
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generally commercially available from, e.g., Promega, Inc., 
Madison, WI. In particular, monoclonal antibodies are 
available which bind the enzyme without affecting its 
polymerase activity. Consequently, covalent attachment of the 
5 active polymerase enzyme to a solid support, or the walls of 
the amplification chamber can be carried out by using the 
antibody as a linker between the enzyme and the support. 

In addition to PCR and IVT reactions, the methods 
and devices of the present invention are also applicable to a 

10 number of other reaction types, e.g., reverse transcription, 
nick translation, and the like. 

E. Labeling and Fragmentation 

The nucleic acids in a sample will generally be 
labeled to facilitate detection in subsequent steps. Labeling 

15 may be carried out during the amplification, in vitro 

transcription or nick translation processes. In particular, 
amplification, in vitro transcription or nick translation may 
incorporate a label into the amplified or transcribed 
sequence, either through the use of labeled primers or the 

20 incorporation of labeled dNTPs into the amplified sequence. 

Alternatively, the nucleic acids in the sample may 
b^ labeled following amplification. Post amplification 
labeling typically involves the covalent attachment of a 
particular detectable group upon the amplified sequences. 

25 Suitable labels or detectable groups include a variety of 

fluorescent or radioactive labeling groups well known in the 
ar These labels may also be coupled to the sequences using 
methods that are well known in the art. See, e.g., Sambrook, 
et al. 

30 In addition, amplified sequences may be subjected to 

other post amplification treatments. For example, in some 
cases, it may be desirable to fragment the sequence prior to 
hybridization with an oligonucleotide array, in order to 
provide segments which are more readily accessible to the 

35 probes, which avoid looping and/or hybridization to multiple 
probes. Fragmentation of the nucleic acids may generally be 
carried out by physical, chemical or enzymatic methods that 
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nucleic aci^ x ' reSUltin * in Mentation of the 

nuclexc acids. i„ one aspect, this may be accomplished in a 
• -nxature device by placing a pie20electric el 2nTt\ * 

i:: c ;:r adjacent to a — ~ 

a reactxon chamber or flow channel, either directly, or 

"as 3 : r layer ' ^ d6SCribed herei - »- -bs\r ate 
layer has pxts, spikes or apertures manufactured in the 

ZTnl ^ Chamber ~ "™ Channel By 

within m c ^mber. Cavitation and/or streaming 
wxthxn the chamber results in substantial shear, similar 
shea s raay be achieved ^ nu J eic S ^- 

contaxnxng fluid sample through restricted size flow passaoe. 
e-g apertures having a cross-sectionai dimension In LT 9 ' 
»icron or submicron scale, thereby producing a high shear^ rate 
and fragmenting the nucleic acid. 

ca ~- „ A nUmber ° f Sample P re P a «tion operations may be 

lysL nu^ adjUSti " 9 ^ ° f ^ ~* ™ 

Simila * "S^*^' Saturation and the 

variety Toth ^ alS ° ^ 3 " le in * 

IT L reaCti ° nS t0 be c ~r i- out in the device, 

bas;'amjr imi r ng reaCti ° n C ° nditions ' neutralizing acid or 
base addxtxons, denaturing exogenously introduced enzymes 

™ ng re r ions - and the iike - — p » -nitori:r a ;; 

For el T readily aCC °^ lished --g well known methods. 
For example, pH may be monitored by incorporation of a p H 
sensor or xndicator within a particular chamber. Control may 
then be carrxed out by titration of the chamber contents with 
an appropriate acid or base. 
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In an alternative aspect, the device may include an 
electronically controlled pH system. In operation, an 
electrode is placed adjacent, e.g., in fluid contact, to a 
reaction chamber vehile a counter electrode is positioned 
5 within a second chamber or channel f luidly connected to the 
first. Upon application of current to these electrodes, the 
pH of the reaction chamber is altered through the electrolysis 
of water at the surface of the electrode, producing 0 2 and 
hydrogen. A pH sensor may also be included within the 

10 reaction chamber to provide for monitoring and/or feedback 
control of the precise pH within the chamber. 

One example of a reaction chamber employing an 
electronic pH control system is shown in Figure 11. As shown, 
a device 1100 fabricated from two planar members 1102 and 

15 1104, includes three distinct chambers, a reference chamber 

1106, a reaction chamber 1108, and a counter-electrode chamber 
1110. Each of the reference chamber 1106 and counter- 
electrode chamber 1110 are fluidly connected to the reaction 
chamber 1108, e.g., via fluid passages 1112 and 1114. These 

20 passages are typically blocked by an appropriate barrier 1116, 
e.g., dialysis membrane, gel plug or the like, to prevent the 
electrophoretic passage of sample elements between the 
chambers. The reference chamber 1106 typically includes a 
reference electrode 1118. The reference electrode may be 

25 fabricated, e.g., from a platinum, gold or nickel screen 

pressed with a mixture of teflon and platinum black (producing 
a hydrogen electrode) . The reaction chamber 1108 typically 
includes an electrolysis electrode 1120, e.g., a platinum, 
gold or nickel screen coated with an appropriate barrier, 

30 e.g., poly aery lamide gel layer, and a hydrogen electrode 1122, 
also protected with an appropriate barrier. The reference 
electrode 1118 and hydrogen electrode 1122 are connected to an 
electrometer 1126 for monitoring the pH within the reaction 
chamber. The counter-electrode chamber 1110 typically 

35 includes the counter-electrode 1123, e.g., a single platinum, 
gold or nickel screen electrode. The electrolysis electrode 
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Upon introduction of the sample, e.g., a cell 
suspension or nucleic acid containing sample, a current is 
applied by the current source. Electrolysis at the 

lltT° lySiS elSCtr0de alte " **• PH within the reaction 
chamber 1X08. The electrometer compares the pH sensed by the 

ll^lT r" ^ referenCe ^ hyd "^ n electrodes. LT 
sxgnal may be compared to a set-point by appropriate means 
e.g., an appropriately programmed computer or other 

currInt° C T r "" - t0 COntro1 the ^"cation of 

™; n I 6 T s T ng system allows the aut °— - 

sigla? Chamber by Vary±ng the -^Point 

15 F - Sample A ^i yr .<~ 

the . , FOllOWin ^ the v «ious sample preparation operations 
the sample will generally be su h«nf^ P ° ns ' 

include, e.g., sequence based analyses using an 
20 oligonucleotide array and/or size based analyses using e g 
mxcrocapillary array electrophoresis. ** ' 

1 " QUqoiwmwotldA t>™^ ^ rrn .. 

nuclei. » ^ aSPeCt ' f0ll0Win 5 sa »P^ preparation, the 

nucleic acid sample is pro bed using an array of 

oligonucleotide probes. Oligonucleotide arrays generally 
dLtiiY r Strate h9Ving 3 ^ — ~ «* PosItionaHy 

i T leOUde Pr ° beS attaChed t0 the -^rate. 
These oligonucleotide arrays, also described as "Genechip- 
arrays," have been generally described in the art, for 

NT p ; o e ' 9 ^ 50 :r n : No - 5 - 143 ' 854 and pct ~ 

producL 92/10092. Th ese pioneering arrays may be 

wh!cni USin9 ! eChaniCal ° r direCted thesis methods 

Ind solil^ ^ C ° mbinati0n ° f Photolithographic methods 

.5 a 01 ^°- Cle °"^ synthesis methods. * ee Fodor 

et ai Scxencei 251:767 . 777 (1991)f p . rrung ^ ^ 

90/^507^* 5 ' " 3 ' 854 aiS ° PCT Wi«tion no. wo ' 

90/15070) and Fodor et al., PCT Publication No. WO 9 2 /i0092 
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all incorporated herein by reference. These references 
disclose methods of forming vast arrays of peptides , 
oligonucleotides and other polymer sequences using, 
for example, light -directed synthesis techniques. Techniques 
5 for the synthesis of these arrays using mechanical synthesis 
strategies are described in, e.g., PCT Publication No. 
93/09668 and U.S. Patent No. 5,384,261, each of which is 
incorporated herein by reference in its entirety for all 
purposes. Incorporation of these arrays in injection molded 

10 polymeric casings has been described in Published PCT 
Application No. 95/33846. 

The basic strategy for light directed synthesis of 
oligonucleotide arrays is as follows. The surface of a solid 
support, modified with photosensitive protecting groups is 

15 illuminated through a photolithographic mask, yielding 
reactive hydroxyl groups in the illuminated regions. A 
selected nucleotide, typically in the form of a 3'-0- 
phosphoramidite-activated deoxynucleoside (protected at the 5* 
hydroxyl with a photosensitive protecting group) , is then 

20 presented to the surface and coupling occurs at the sites that 
were exposed to light. Following capping and oxidation, the 
substrate is rinsed and the surface is illuminated through a 
second mask, to expose additional hydroxyl groups for 
coupling. A second selected nucleotide (e.g., 5 1 -protected , 

25 3 •-O-phosphoramidite-activated deoxynucleoside) is presented 
to the surface. The selective deprotection and coupling 
cycles are repeated until the desired set of products is 
obtained. Since photolithography is used, the process can be 
readily miniaturized to generate high density arrays of 

30 oligonucleotide probes. Furthermore , the sequence of the 
oligonucleotides at each site is known. See, Pease, et al. 
Mechanical synthesis methods are similar to the light directed 
methods except involving mechanical direction of fluids for 
deprotection and addition in the synthesis steps. 

35 Typically, the arrays used in the present invention 

will have a site density of greater than 100 different probes 
per cm 2 . Preferably, the arrays will have a site density of 
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ToZZ^V 00 """ 2 ' m ° re •»"- than about 

Preferably, the arrays will have more than 100 different 
probe, on a single substrate, more preferably greater than 
5 about 1000 different probes still more pre,er.oIy greater 

greeted 10 '°° 0 IM ~ « ~» P-fLLy 

greater than ioo.ooo different probes on a single substrate. 

For some embodiments, oligonucleotide arrays mav h. 
10 arrays'. T" ~ « ' *~ ~ Such 

Saott a ? Pll ° atl ° ns - »"« substantial benefits over 

brad.txonal methods. The us. o, oligonuoleotide arrays in 
such applications is described in, e.g., „... Patent 

" u s Patent *' ° 8/515 -" 9 ' «*- <«Y »«. »». and 

«M e«n * PP ! 10ati0n »»• OS/284,0.4, filed August 2, 

ent rety L *" * reference in it. 

z== = of — 

long stretches of DNA. <d««™=e 

25 * St " tegy ° f de novo sequencing can be 

25 illustrated by the following example. A 12-mer target DNA 
sequence is probea on an array having & * 

octreotide probes. Five of the 65,536 octamer probes will 

h r idize to the target seg — »- - 

30 w a t Site ±S kn ° Wn - ThUS ' b * -fining the 

30 locations at which the target hybridizes on the array or the 

TXtl Pattern ' ^ dete ™ ine the -quence'of the 

and utM eq T Ce ' theSS Strategi6S ^e„ proposed 

^ demo \ " S ° me aPPliCati ° ns ' ^en difficulty 

35 S dera ° nStratlng «W»cing of larger nucleic acids using 
35 these same strategies. Accordingly, in pref erred aspect! SBH 

:L"a°t dS h U I ili2ing ^ d6ViCeS ^^^^ ^ «~ -tTf- 
mxsmatched probes, as well as perfectly matching probes, to 
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supply useful sequence data, as described in U.S. Patent 
Application No. 08/505,919, incorporated herein by reference. 

While oligonucleotide probes may be prepared having 
every possible sequence of length n, it will often be 
5 desirable in practicing the present invention to provide an 
oligonucleotide array which is specific and complementary to a 
particular nucleic acid sequence. For example, in 
particularly preferred aspects, the oligonucleotide array will 
contain oligonucleotide probes which are complementary to 

10 specific target sequences, and individual or multiple 

mutations of these. Such arrays are particularly useful in 
the diagnosis of specific disorders which are characterized by 
the presence of a particular nucleic acid sequence. For 
example, the target sequence may be that of a particular 

15 exogenous disease causing agent, e.g., human immunodeficiency 
virus (see, U.S. Application Serial No. 08/284,064, previously 
incorporated herein by reference) , or alternatively, the 
target sequence may be that portion of the human genome which 
is known to be mutated in instances of a particular disorder, 

20 i.e., sickle cell anemia (see, e.g., U.S. Application Serial 

No. 08/082 , 937 , previously incorporated herein by reference) or 
cystic fibrosis. 

In such an application, the array generally 
comprises at least four sets of oligonucleotide probes, 

25 usually from about 9 to about 21 nucleotides in length. A 
first probe set has a probe corresponding to each nucleotide 
in the target sequence. A probe is related to its 
corresponding nucleotide by being exactly complementary to a 
subsequence of the target sequence that includes the 

30 corresponding nucleotide. Thus, each probe has a position, 
designated an interrogation position, that is occupied by a 
complementary nucleotide to the corresponding nucleotide in 
the target sequence. The three additional probe sets each 
have a corresponding probe for each probe in the first probe 

35 set, but substituting the interrogation position with the 
three other nucleotides. Thus, for each nucleotide in the 
target sequence, there are four corresponding probes, one from 
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° f J^. pr0be sets - three corresponding probes in the 

Toll !rT a J. Pr ° be S6tS ^ identical to corresponding 
probe froi „ the first probe or a subsequence thereof that 

includes the interrogation position, except that the 

xTeIch 9 of "2 T itl0n ^ ° CCUPied ^ 3 diffe " nt nucleotide 
in each of the four corresponding probes. 

orn^ , SOMB arrayS haVe fifth ' Sixth ' Seventh and e^hth 

prWnl \ ^ Pr ° beS ^ 6aCh ^ ^ S6leCted * ^ g ous 
principles to those for the probes in the first four probl 

112^ X °T Pr ° beS " ^ fifth ' Sixth ' s —th and 

eighth sets exhibit complementarity to a second reference 
sequence. m some arrays, the first set of probes is 
complementary to the coding strand of the target sequence 

15 ALer„atL S r° n l Set * C ° mpleinent ^ to the noncoding strand. 
Alternatively, the second reference sequence can be a 
subsequence of the first reference sequence having a 
substitution of at least one nucleotide. 

nb.f.4* «- T SOme applications ' the target sequence has a 
20 least nucl ~tide relative to the probe sequence in at 

least one undetermined position, and the relative specific 

and ^ ind±Cates the location of the position 

and the nucleotide occupying the position in the target 
sequence. 

25 ae< H /° llowin * amplification and/or labeling, the nucleic 

hvbtr^ " inCUbat6d With the oligonucleotide array in the 
hybridization chamber. Hybridization between the sample 
nucleic acid and the oligonucleotide probes upon the array is 
then detected, using, e.g., epif luorescence confocal 
microscopy. Typically, sample is mixed during hybridization 

30 to enhance hybridization of nucleic acids in the sample to 
nucleoc acid probes on the array. Again, mixing may be 
carried out by the methods described herein, e.g., through the 
use of pxezoelectric elements, electrophoretic methods, or 
physical mixing by pumping fluids into and out of the 

35 hybridization chamber, i.e., into an adjoining chamber. 

Generally, the detection operation will be performed using a 
reader device external to the diagnostic device. However, it 
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may be desirable in some cases, to incorporate the data 
gathering operation into the diagnostic device itself. 

The hybridization data is next analyzed to determine 
the presence or absence of a particular sequence within the 
sample, or by analyzing multiple hybridizations to determine 
the sequence of the target nucleic acid using the SBH 
techniques already described. 

In some cases, hybridized oligonucleotides may be 
labeled following hybridization. For example, wghere biotin 
labeled dNTPs are used in, e.g., amplification or 
transcription, streptavidin linked reporter groups may be used 
to label hybridized complexes. Such operations are readily 
integratable into the systems of the present invention. 

2 . Capillary Electrophoresis 

In some embodiments, it may be desirable to provide 
an additional, or alternative means for analyzing the nucleic 
acids from the sample. In one embodiment, the device of the 
invention will optionally or additionally comprise a micro 
capillary array for analysis of the nucleic acids obtained 
from the sample. 

Microcapillary array electrophoresis generally 
involves the use of a thin capillary or channel which may or 
may not be filled with a particular separation medium. 
Electrophoresis of a sample through the capillary provides a 
size based separation profile for the sample. The use of 
microcapillary electrophoresis in size separation of nucleic 
acids has been reported in, e.g., Woolley and Mathies, Proc. 
Nat'l Acad. Sci. USA (1994) 91:11348-11352. Microcapillary 
array electrophoresis generally provides a rapid method for 
size based sequencing, PCR product analysis and restriction 
fragment sizing. The high surface to volume ratio of these 
capillaries allows for the application of higher electric 
fields across the capillary without substantial thermal 
variation across the capillary, consequently allowing for more 
rapid separations. Furthermore, when combined with confocal 
imaging methods, these methods provide sensitivity in the 
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radIoa^ att0m0leS ' COm P arable '*> the sensitivity of 

radioactive sequencing methods. 

Microf abrication of microf luidic devices including 
■ d LTL ^ 6le ~" tic ^ices has been discussed in 
1^8 Eff' JaC ° bSen ' etal " ^ <»em. (1 994) 66:1114- 

Lo TT r ' ^ ^ (1 " 4 > ««"«-2953. 

al ^ ; SCie " Ce (1 " 3) a ""»»«-»7, Effenhauser/et 

al. Anal. chem. (19 „, 65:2637-2642, and Manz, et al. j 

> colnr^ (1 " 2) 593:253 " 258 - really, these methods' 

Hilii: P ^° lith0graphic « tchi »* of micron scaie channels on 

readily IdLtT^ " "** ° r Chip ' and ca » 

readily adapted for use in the miniaturized devices of the 

present invention. in some embodiments, the capillary arrays 
for " T: iCated SaBS P ° lymeric -terial/de'scr^d 

xnle^on " Cati ° n °* ^ ^ ° f dSViCe ' Usi "* *he 
the ^ l, 1 " 9 «-«lb- herein. m such cases, 

the capillary and other fluid channels may be molded into a 
fxrst planar element, a second thin polymeric member having 
Ports corresponding to the termini of the capillary channel! 

ttTATJT^T' 13 laminatSd " S ° ni — -Ided onto 
Sectrl! I Pr ° V tOP SUrfaCe ° f these ^annels. 

Electrodes for electrophoretic control are disposed within 
these ports/wells for application of the electrical current to 
the capillary channels. ThroU gh use of a relatively thL 

o^Lr.T C ° Vering member ° f the «W"l«ry channels, heat 
1211 , 9 eleCtr ^ h — - ^ rapidly dissipated. 

the^r ° aPillary ChannelS be ~ ated -re 

thermally conductive material, e.g., glass or ceramic, to 

enhance heat dissipation. 

In many capillary electrophoresis methods, the 
capillaries, e.g., fused silica capillaries or channels 

w^an naChined ^ n ° lded int ° Planar subst «tes, are filled 
with an appropriate separation/ sieving matrix. Typically a 
variety of sieving matrices are known in the art may be used 
xn the microcapillary arrays. Examples of such matrices 

anl t d !\ e ; 9 " hydrOXyethyl «Hulose, polyacrylamide, agarose 
and the l lk e. Gel matrices may be introduced and polymerized 
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within the capillary channel. However, in some cases , this 
may result in entrapment of bubbles within the channels which 
can interfere with sample separations. Accordingly, it is 
often desirable to place a preformed separation matrix within 
5 the capillary channel (s) , prior to mating the planar elements 
of the capillary portion. Fixing the two parts, e.g., through 
sonic welding, permanently fixes the matrix within the 
channel. Polymerization outside of the channels helps to 
ensure that no bubbles are formed. Further, the pressure of 

10 the welding process helps to ensure a void-free system. 
Generally, the specific gel matrix, running buffers and 
running conditions are selected to maximize the separation 
characteristics of the particular application, e.g., the size 
of the nucleic acid fragments, the required resolution, and 

15 the presence of native or undenatured nucleic acid molecules. 
For example, running buffers may include denaturants, 
chaotropic agents such as urea or the like, to denature 
nucleic acds in the sample. 

In addition to its use in nucleic acid 

20 "fingerprinting" and other sized based analyses, the capillary 
arrays may also be used in sequencing applications. In 
particular, gel based sequencing techniques may be readily 
adapted for capillary array electrophoresis. For example, 
capillary electrophoresis may be combined with the Sanger 

25 dideoxy chain termination sequencing methods as discussed in 
Sambrook, et al. (See also Brenner, et al., Proc. Nat 9 1 Acad. 
Sci. (1989) 86:8902-8906). In these methods, the sample 
nucleic acid is amplified in the presence of fluorescent 
dideoxynucleoside triphosphates in an extension reaction. The 

30 random incorporation of the dideoxynucleotides terminates 

transcription of the nucleic acid. This results in a range of 
transcription products differing from another member by a 
single base. Comparative size based separation then allows 
the sequence of the nucleic acid to be determined based upon 
35 the last dideoxy nucleotide to be incorporated. 
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G « Pata Gathering ,nH analy gjg 

Gathering data from the various analysis operations 
e.g., oligonucleotide and/or microcapillary arrays, will 

e^oie y th e Carri6d ^ kn ° Wn in the a ~- 

example, the arrays may be scanned using lasers to excite 

of 0"^^ labeled ^ to regions 

cou»!h Y rrayS ' WMch Ca " «™ -aged using charged 
array ^^S^ *~ a wide field scanning of the 
gltherin TT Y ' an ° ther Particul ~ly »-f U l method for 

gathering data from the arrays is through the use of laser 

HZ1T 1 m : Cr ° SCOPy WhiCh the ease and speed of a 

particLrrr 3 ^ process with high 

Particularly preferred scanning devices are generally 
described in e.g., n.s. Patent Nos> ^ 

will tvoi/^ gatherin 9 nation, the data 

facL!^ J? reP ° rted t0 3 data anal ^ sis operation. To 
^1 T 6 f 6 SamPle analySiS ° p - a t-n, the data obtained by 

TiUZTZ T the device wil1 typically be anai ^ ed a 

digital computer. Typically, the computer will be 
from^'T^ Pr ° granUned f ° r " cei Pt -d storage of the data 

da" zitzr- as wei1 as for anaiysis an * «* «- 

data gathered, i.e., interpreting fluorescence data to 

bac^ lnS H the S6qUenCe ° f hybridi2in ^ P-oes, normalization of 
background and single base mismatch hybridizations, ordering 
of sequence data in SBH applications, and the like, as 
described in, e.g., U.S. Patent Application Serial No. 
08/327,525, filed October 21 1994 

reference. xncorporated herein by 



30 111 * Jtie Nucleic Ani* p^~ OS f,i n gy ^gj 
A - Analytical Sv S t gm 

A schematic of a representative analytical system 
based upon the device of the invention is shown in Fic^e " 

35 Ir e m SySte ; inClUd6S ^ dia *"° Stic dev ^e 2 which performs one 
35 or more of the operations of sample . Election, preparation 
and/or analysis using, e.g., hybridization and/or size based 
separation. The diagnostic device is then placed in a reader 
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device 4 to detect the hybridization and or separation 
information present on the device. The hybridization and/or 
separation data is then reported from the reader device to a 
computer 6 which is programmed with appropriate software for 
5 interpreting the data obtained by the reader device from the 
diagnostic device. Interpretation of the data from the 
diagnostic device may be used in a variety of ways, including 
nucleic acid sequencing which is directed toward a particular 
disease causing agent, such as viral or bacterial infections, 

10 e.g., AIDS, malaria, etc., or genetic disorders, e.g., sickle 
cell anemia, cystic fibrosis, Fragile X syndrome, Duchenne 
muscular dystrophy, and the like. Alternatively, the device 
can be employed in de novo sequencing . applications to identify 
the nucleic acid sequence of a previously unknown sequence. 

15 B. The Diagnostic Device 

1. Generally 

As described above, the device of the present 
invention is generally capable of carrying out a number of 
preparative and analytical reactions on a sample. To achieve 

20 this end, the device generally comprises a number of discrete 
reaction, storage and/or analytical chambers disposed within a 
s'ngle unit or body. While referred to herein as a 
"diagnostic device, " those of skill in the art will appreciate 
that the device of the invention will have a variety of 

25 applications outside the scope of diagnostics, alone. Such 
applications include sequencing applications, sample 
identification and characterization applications (for, e.g., 
taxonomic studies, forensic applications, i.e., criminal 
investigations, and the like). 

30 Typically, the body of the device defines the 

various reaction chambers and fluid passages in which the 
above described operations are carried out. Fabrication of 
the body, and thus the various chambers and channels disposed 
within the body may generally be carried out using one or a 

35 combination of a variety of well knc n manufacturing 

techniques and materials. Generally, the material from which 
the body is fabricated will be selected so as to provide 
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m itta „ c . to the full „ nge of oon<Jitions 
th. aev.ce wrli be exposed, e. g ., « tra „ es of teeper,t„r"e 
wm'e lei " PPll " tiOT ° £ el ««"<= "«a s end the like, end 
5 lee* !k ^ £ ° r ""^"""ty with other trials 

Intro," .a' a ' ViCe - Mdlti ° nal °— - *«*« 
introduced, ,e necessery, into the body. Alternetively the 

inai'dti ::r^:: jt eM,,pie ' separat - - 

10 r, rov i de «->, . ld * assaaes »ay be assembled to 

provxde the varxous chambers of the device. 

will tvoioal/ ™ iniatUri26d d6Vice ' the body of the device 
I to ^ 1Cally bS ^-i-tely 1 to 20 cm in length by about 
1 to 10 cm xn width by about o.i to about 2 cm thick 
Although indicative of a rectanm, . 1Ck ' 

15 appreciated that the devices of 1 * ^ r-adlly 

in devices of the invention may be embodied 

xn a„ y number of shapes depen<Jing ^ ^ dled 

upon ^ thSSe dimenSi ° nS really vary depending 

upon the number of operations to be performed by the device 
the complexity of these operations and the like As a Jesuxt 

t: 0 ?:tt s are proviaed as a - nerai of : h e 

chal " ^ nUmbSr Si2e ° f reaction 

chambers xncluded within the device will also vary dependina 
upon th specific application for which ^ LTL 9 

25 dlst' ! 6nerally ' the deVice include at least two 

dxstxnct reaction chambers, and preferably, at least three 
four or five distinct reaction chambers, all integrated 
a sxngle body. Individual reaction chambers will also vary^ 
size and shape according to the specific function of the 

30 realti° n T*"' eXamPle ' *" ^ CaS6S ' ci ~ ul ~ 

reactxln ST™ ^ ^ elongate 
reactxon chambers may be used, m general however, the 

w! a r! 10n ! hamberS Wil1 bS fr ° m ab ° Ut °' 05 to «bout 20 mm in 
20 ™ I" rr"' PrefSrably from or 0.5 to about 

20 mm xn wxdth or diameter and about 0.05 to about 5 mm deep, 

>5 and preferably 0.05 to about 1 mm deep. For elongate 

chambers, length will also typically vary along these same 
ranges. F i uid channels , on the other ^ ^ typ . 
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distinguished from chambers in having smaller dimensions 
relative to the chambers , and will typically range from about 
10 to about 1000 jxm wide, preferably, 100 to 500 /Ltm wide and 
about 1 to 500 deep. Although described in terms of 
5 reaction chambers, it will be appreciated that these chambers 
may perform a number of varied functions, e.g., as storage 
chambers, incubation chambers, mixing chambers and the like. 

In some cases, a separate chamber or chambers may be 
used as volumetric chambers, e.g., to precisely measure fluid 

10 volumes for introduction into a subsequent reaction chamber. 
In such cases, the volume of the chamber will be dictated by 
volumetric needs of a given reaction. Further, the device may 
be fabricated to include a range of volumetric chambers having 
varied, but known volumes or volume ratios (e.g., in 

15 comparison to a reaction chgamber or other volumetric 
chambers) • 

As described above, the body of the device is 
generally fabricated using one or more of a variety of methods 
and materials suitable for microf abrication techniques. For 

20 example, in preferred aspects, the body of the device may 

comprise a number of planar members that may individually be 
injection molded parts fabricated from a variety of polymeric 
materials, or may be silicon, glass, or the like. In the case 
of substrates like silica, glass or silicon, methods for 

25 etching, milling, drilling, etc., may be used to produce wells 
and depressions which make up the various reaction chambers 
and fluid channels within the device. Microf abrication 
techniques, such as those regularly used in the semiconductor 
and microelectronics industries are particularly suited to 

30 these materials and methods. These techniques include, e.g., 
electrodeposition, low-pressure vapor deposition, 
photolithography, wet chemical etching, reactive ion etching 
(RIE) , laser drilling, and the like. Where these methods are 
used, it will generally be desirable to fabricate the planar 

35 members of the device from materials similar to those used in 
the semiconductor industry, i.e., silica, silicon, gallium 
arsenide, polyimide substrates. U.S. Patent No. 5,252,294, to 
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7o7LiT inCOrP ° rated herein ^ reference in its entirety 

»uLlir P ° SeS ' reP ° rtS ^ fabricati - of a silicon based " 

5 Mrt • , f hotolit hographic methods of etching substrates are 
particularly well suited for the microfabrication of these 

TrTTr d ^ ^ ^ — example th e 

first sheet of a substrate may be overlaid with a photoresist 

10 r p ^o C lLT gnetiC radiati ° n S ° UrCe the " be thr\Z 
10 a photolithographic mas* to expose the photoresist in a 

pattern which reflects the pattern of chambers and/or channels 

on ^ surface of the sheet. After removing the exposed 

Photoresxst, the exposed substrate may be etched tfproduce 

the desired wells and channels. Generally preferred 

15 photoresists include those used extensively in thf 

semiconductor industry. such materials include polymethyl 

^r 1 "; (PMMA> ^ ^ Natives, and eleLoTZ 
resets such as poly (olefin sulfones, and the li ke (more fully 

20 ^ T *' 9 " Principle. • 

L e y nti::: y ~ in ™ d herein by reference in 

its entirety for all purposes) . 

surfer /* *" ^P 1 *' the Wells manufactured into the 
surface of one planar member make up the various reaction 

25 surff" ! f ^ -"^actured into the 

25 surface of this or another planar member make up fluid 
channels which are used to fluidly connect the various 
IZT°1 ; hamberS - An ° ther P la nar member is then placed over 

Zt^lV 0 ^ WhSreby WS11S in ^ planar 

30 c^t " CaVitleS Within thS b ° dy ° f the ^vice which 

Hill . ^ ^ Vari ° US reaCti ° n ° hamberS ° f th * ^ice. 
Similarly, fluid channels manufactured in the surface of one 

fi a id r e r ber ' when covered with a sec ° nd pian - — ~ -fm. 

fluid passages through the body of the device. These planar 

35 IZ^l T b0nd6d t09ether ° r laminat6d t0 P " d - e * ""id 

tnf Lvi ^ ^ deViCe * B ° nding ° f ^ Planar of 
meth^r r ttay . generally be ca ~-<> o-t using a variety of 
methods xnown in the art and which may vary depending upon the 
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materials used. For example, adhesives may generally be used 
to bond the planar members together. Where the planar members 
are, e.g., glass, silicon or combinations thereof, thermal 
bonding, anodic/electrostatic or silicon fusion bonding 
5 methods may be applied. For polymeric parts, a similar 

variety of methods may be employed in coupling substrate parts 
together, e.g., heat with pressure, solvent based bonding. 
Generally, acoustic welding techniques are generally 
preferred. In a related aspect, this adhesive tapes may be 

10 employed as one portion of the device forming a thin wall of 
the reaction chamber /channel structures. 

Although primarily described in terms of producing a 
fully integrated body of the device, the above described 
methods can also be used to fabricate individual discrete 

15 components of the device which are later assembled into the 
body of the device. 

In additional embodiments, the body may comprise a 
combination of materials and manufacturing techniques 
described above. In some cases, the body may include some 

20 parts of injection molded plastics, and the like, while other 
portions of the body may comprise etched silica or silicon 
planar members, and the like. For example, injection molding 
techniques may be used to form a number of discrete cavities 
in a planar surface which define the various reaction 

25 chambers, whereas additional components, e.g., fluid channels, 
arrays, etc, may be fabricated on a planar glass, silica or 
silicon chip or substrate. Lamination of one set of parts to 
the other will then result in the formation of the various 
reaction chambers, interconnected by the appropriate fluid 

30 channels. 

In particularly preferred embodiments, the body of 
the device is made from at least one injection molded, press 
molded or machined polymeric part that has one or more wells 
or depressions manufactured into its surface to define several 
35 of the walls of the reaction chamber or chambers. Molds or 
mold faces for producing these injection molded parts may 
generally be fabricated using the methods described herein 
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for, eg., silicon molds. Examples of suitable polymers for 

co^T? POlypr ° Pylene ' P^yethylene, acrylic, and 
5 aT^ ik P ° ly : erS SUCh 38 KaPt ° n ' ^ Tefl0n ' ABS, oelrin 

is m^d t o e ; he ^ ^ iS Similarly *» shape 

rLT ° f thS * ol y™^° Part to define the 

remaining wall of the reaction chamber (s, . ^ lishBd ^ 

^plication No. 95/33846, incorporated herein by reference 

form the body of the device, and which define the flow 
channels and hybridization chamber. 

chMh ^ 6 surfaces °f the fluid channels and reaction 

Zll T acc °»odate a desired reaction. Surfaces 

Z„ : h m ° re hydr °* hobic - -re hydrophilic depending 

iii^:/T,t cular appiicati °- ^ na tiv ely( s »i £ac ::\ ay 

e v ^ nUmber ° f in order to maxe the 

out J ^ COD,patible to th * reactions being carried 

out For example, in the case of nucleic acid analyses, It 
may be desxreable to coat the surfaces with, e a a teflon 

tTt e h r e n s °u n T ick coating ' to p — — - 

in ^ \ • "dances where electrical leads are placed 

formal f f^' * ~ -cess gas 

formation from electrolysis. Such insulators may include 

ZlZ *:™ in ^ ^ Sili - ceramics or 

^detarLr: 1 surface treatments - e — - 

one Mh Fi ^"= 2A and 2B show a schematic representation of 

ZliT?tT tof a reaction chamber for inciusi - in «- 

m^r » lnve "^on. The reaction chamber includes a 

machined or injection molded polymeric part io 2 which has a 
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well 104 manufactured, i.e., machined or molded, into its 
surface. This well may be closed at the end opposite the well 
opening as shown in Figure 2A, or optionally, may be supplied 
with an additional opening 118 for inclusion of an optional 
5 vent, as shown in Figure 2B. 

The reaction chamber is also provided with 
additional elements for transporting a fluid sample to and 
from the reaction chamber. These elements include one or more 
fluid channels (122 and 110 in Figures 2 A and 2B, 
10 respectively) which connect the reaction chamber to an 

inlet/outlet port for the overall device, additional reaction 
chambers, storage chambers or one or more analytical chambers. 

A second part 124, typically planar in structure, is 
mated to the polymeric part to define a closure for the 
15 reaction chamber. This second part may incorporate the fluid 
channels, as shown in Figures 2 A and 2B, or may merely define 
a further wall of the fluid channels provided in the surface 
of the first polymeric part (not shown) . Typically, this 
second part will comprise a series of fluid channels 
20 manufactured into one of its surfaces, for fluidly connecting 
the reaction chamber to an inlet port in the overall device or 
tv another reaction or analytical chamber. Again, this second 
part may be a second polymeric part made by injection molding 
or machining techniques. Alternatively, this second part may 
25 be manufactured from a variety of other materials, including 
glass, silica, silicon or other crystalline substrates. 
Micirofabrication techniques suited for these substrates are 
generally well known in the art and are described above. 

In a first preferred embodiment, the reaction 
30 chamber is provided without an inlet/outlet valve structure, 
as shown in Figure 2A. For these embodiments, the fluid 
channels 122 may be provided in the surface of the second part 
that is mated with the surface of the polymeric part such that 
upon mating the second part to the first polymeric part, the 
35 fluid channel 122 is fluidly connected to the reaction chamber 
104. 
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Alternatively, in a second preferred «n>w^4 
■«•>!. therein »f «•<*«•» chamber to retain . ,l uid 

. m ^r'd p ;°r a v : lve etructure is ~» 

woerel " » '"at planer member ios is meted with th. 
first polymeric part 102 to define e wall „, 
chember. The fir..- „, aer «i« a wall of the reection 

.. ,,. «- T he first planar member 106 has an openino 10a 
10 disposed therethrough, definin, an inlet to the "e^ti" 
Chamber. This first planar member also includes I nZ 

terminates ^ ^ I""" ™ S " Uid <="»""■> 

1= inlet III Tne first ' ~* ^ °" 

manufactured from any of T T" Wil1 * 

the .bov.-d..crrLa r^r^r m>teriais ' usi - 9 

mated to the fi r *+ „ ■ Planar member 112 is 

20 channel no such that !ef J \ *" ^ 

gap between IZ\ I deflectl °" of the diaphragm results in a 

creating \T *"* Planar meinbers ' thereby 

creating a fluid connection between ^ 

end the fluid channel UO, w 1 l ° 4 

the di.phr,^ valve ^ 108 • ^flection of 

25 e„:rT ••••• r ^rjzzzr~- 

ne j.i K e. To allow for a deflectable diaDhi- amB «-k 
■econd Pl.„ a r member will typically be fabric^^test in 
Part, from a flexible material e a . 
)n , . - La - L ' e»g., Silicon, silicone 

L wLT r ' P01yiBlde ' Te "°" « ~« ".-in. PoTyTer. 
dteohr rea °" 0n ChMberS "* " Uid — — . ^esl 
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about 20 mm in diameter for pumping diaphragms. As shown in 
Fi9ure 2B, second part 124 includes an additional planar 
member 116 having an opening 126 for application of pressure 
or vacuum for deflection of valve 114. 
5 Where reagents involved in a particular analysis are 

incompatible with the materials used to manufacture the 
device, .e.g., silicon, glass or polymeric parts, a variety of 
coatings may be applied to the surfaces of these parts that 
contact these reagents. For example, components that have 

10 silicon elements may be coated with a silicon nitride layer or 
a metallic layer of, e.g., gold or nickel, may be sputtered or 
electroplated on the surface to avoid adverse reactions with 
these reagents. Similarly, inert polymer coatings, e.g., 
Teflon and the like, pyraline coatings, or surface silanation 

15 modifications may also be applied to internal surfaces of the 
chambers and/or channels. 

The reaction/ storage chamber 104 shown iri Figure 2B 
is also shown with an optional vent 118, for release of 
displaced gas present in the chamber when the fluid is 

20 introduced. In preferred aspects, this vent may be fitted 
with a gas permeable fluid barrier 120, which permits the 
passage of gas without allowing for the passage of fluid, 
e.g., a poorly wetting filter plug. A variety of materials 
are suitable for use as poorly wetting filter plugs including, 

25 e.g., porous hydrophobic polymer materials, such as spun 
fibers of acrylic, polycarbonate, teflon, pressed 
polypropylene fibers, or any number commercially available 
filter plugs (American Filtrona Corp., Richmond, VA, Gelman 
Sciences, and the like) . Alternatively, a hydrophobic 

30 membrane can be bonded over a thru-hole to supply a similar 
structure. Modified acrylic copolymer membranes are 
commercially available from, e.g., Gelman Sciences (Ann Arbor, 
MI) and particle-track etched polycarbonate membranes are 
available from Poretics, Inc. (Livermore, CA) . Venting of 

35 heated chambers may incorporate barriers to evaporation of the 
sample, e.g. , a reflux chamber or a mineral oil layer disposed 
within the chamber, and over the top surface of the sample, to 
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Permit the evolution of gas while preventing excessive 
evaporation of fluid from the sample. *«^ve 



device of £ deSCribed hCrein < the derail geometry of the 

M Utotatlo, channel or chamber having the various 
central rT t0 ° entral ChMnel ° r ««* 

«« perform ° r " lity °* " Ja «*-W-W-I chambers 

flui«v ! 9 * " U " b * r ° f th * described .hove 

flurdly connected in series. ' 

Fiour. , T e SCheBatl ° "Presentation of the device in 

=nZ^ TrZ°°JT° °°" prises ™ 

boav of th * 3 Sarlal specifically, the 

£T llo I* T "action chamb J '„, 

rres by fluid channels 208, 212 and 216, respectively. 

above each"or!h °" V * riOUS °P e ""°- °»tli„ed 

different raa ° ti0n " — « — 

a ^ P ° r —-P 1 -- "»<=«■»> chamber 202 »a y be 

30 JiuT "rr rrr wh t ch is aaaptaa f ~ 

... _ P ' a cel1 containing sample. For examDla 

this chamber may include an opening to the outside of tna 

tvoLW: ^ reCeiPt ° f T ** =Pening" U 

35 ^Lh^K '" ° ValTC ' ote «-«^ - or septum, through 

" h ^.«" —Pie is introduced or in ected. t„ .« ' 
embodiments, the apparatus may induce a hypodermic needle or 
ether sample conduit, integrated into the body o, the devic! 



WO 97/02357 PCT/US96/11147 

41 

and in fluid connection with the sample collection chamber, 
for direct transfer of the sample from the host, patient, 
sample vial or tube, or other origin of the sample to the 
sample collection chamber. 
5 Additionally, the sample collection chamber may have 

disposed therein, a reagent or reagents for the stabilization 
of the sample for prolonged storage, as described above. 
Alternatively, these reagents may be disposed within a reagent 
storage chamber adjacent to and fluidly connected with the 

10 sample collection chamber. 

The sample collection chamber is connected via a 
first fluid channel 204 to second reaction chamber 210 in 
which the extraction of nucleic acids from the cells within 
the sample may be perfprmed. This is particularly suited to 

15 analytical operations to be performed where the samples 

include whole cells. The extraction chamber will typically be 
connected to sample collection chamber, however, in some 
cases, the extraction chamber may be integrated within and 
exist as a portion of the sample collection chamber. As 

20 previously described, the extraction chamber may include 

physical and or chemical means for extracting nucleic acids 
from cells. 

The extraction chamber is fluidly connected via a 
sv cond fluid channel 208, to third reaction chamber 210 in 

25 which amplification of the nucleic acids extracted from the 
sample is carried out. The amplification process begins when 
the sample is introduced into the amplification chamber As 
described previously, amplification reagents may be 
exogenously introduced, or will preferably be predisposed 

30 within the reaction chamber. However, in alternate 
embodiments, these reagents will be introduced to the 
amplification chamber from an optional adjacent reagent 
chamber or from an external source through a sealable opening 
in the amplification chamber. 

35 For PCR amplification methods, denaturation and 

hybridization cycling will preferably be carried out by 
repeated heating and cooling of the sample. Accordingly, PCR 
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tZLT ifiCati ° n ChamberS Wil1 tyPiCal1 ^ a a 

thTtL^ COn ? r ° ller f ° r heati ^ «» reaction to carry out 

5 eZZr 6 r trCl bl ° Ck ^ diSP ° Sed 

t~ns7 * °* ^ " Pllf iCati0n Cha " b ~ thereby 

transferring heat to the amplif ication chamber> * 

preferred devices will include a thin external for ' 

chambers in which thermal control is desired. This thxn wall 

10 : 8 C ° Ver ^ Polycarbonate she et or 

10 hxgh temperature tape, i.e. silicone adhesive on Kanton 7 

p™: 11 : avaiiabie fr °- - - P ;.°~ c : r 

PCR devxces have been previously reported. For exanml* 

publish , pct AP pi ication No . wo 94/05414 , J™£ e and 

L5 271 3 miniaturized "action chamber for use as a PCR 

TheT; lnCOrP ° rati ^ theaters, e.g., resistive heaters 

-r very ; a U lL aC h e T " V ° 1Une rati ° ° f — ~ allows " 
lZZ7/ g ^ C °° ling ° f the agents disposed 

therexn. Sxmilarly, U.S. Patent No. 5,304,487 to Wilding et 

0 a s ;' o r V1 ° USly inC ° rPOrated * reference, also discuss"! Se 
0 use of a mxcrof abricated PCR device. 

will incorT P ! efSrred emb ° diments ' ^e amplifi cation chamber 
lotcentT " S 3 C ° ntrollable »-ter disposed within or 
the Z , amplification chamber, for thermal cycling of 

the sample. Thermal cycling is carried out by varying thl 
5 current supplied to the heater to achieve the desired 
IS^V" ^ PartiCUl ~ Sta *« of the reaction, 
achlev 77 Y ' thermal CyCling f ° r thS PCR "^ion may be 
differ!! 7 t "~ rt »* the ^ d sample among a number of 

> ollTel " ChamberS ° r regi ° nS ° f the — "action 

Z TiZL717 9 diffSrent ' alth °^ h constant temperatures, or 
travels 11 th " u *> * serpentine channel which 

travels through a number of varied temperature .zones'. 

amolx^ T alternatiVe1 ^ be -PP^-d by exposing the 
amplxfxcatxon chamber to a laser or other light or 
electromagnetic radiation source. 

fluid eh aaPlif iCat±0n Chamber iS flUid1 ^ connected via a 

fluxd channel, e.g., fluid channel au> fco an a{Jditional 
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reaction chamber 214 which can carry out additional 
preparative operations, such as labeling or fragmentation. 

A fourth fluid channel 216 connects the labeling or 
fragmentation chamber to an analytical chamber 218. As shown, 
5 the analytical chamber includes an oligonucleotide array 220 
as the bottom surface of the chamber. Analytical chamber 218 
may optionally, or additionally comprise a microcapillary 
electrophoresis device 226 and additional preparative reaction 
chambers, e.g., 224 for performing, e.g., extension reactions, 

10 fluidly connected to, e.g., chamber 210. The analytical 
chamber will typically have as at least one surface, a 
transparent window for observation or scanning of the 
particular analysis being performed. 

Figures 4A-C illustrate an embodiment of a 

15 microcapillary electrophoresis device. In this embodiment, 

the sample to be analyzed is introduced into sample reservoir 
402. This sample reservoir may be a separate chamber, or may 
be merely a portion of the fluid channel leading from a 
previous reaction chamber. Reservoirs 404, 406 and 414 are 

20 filled with sample/running buffer. Figure 4A illustrates the 
loading of the sample by plug loading, where the sample is 
drawn across the intersection of loading channel 416 and 
capillary channel 412, by application of an electrical current 
across buffer reservoir 406 and sample reservoir 402. In 

25 alternative embodiments, the sample is "stack" loaded by 

applying an electrical current across sample reservoir 402 and 
waste reservoir 414, as shown in Figure 4B. Following sample 
loading, an electrical field is applied across buffer 
reservoir 404 and waste reservoir 414, electrophoresing the 

30 sample through the capillary channel 412. Running of the 
sample is shown in Figure 4C. Although only a single 
capillary is shown in Figures 4A-C, the device of the present 
invention may typically comprise more than one capillary, and 
more typically, will comprise an array of four or more 

35 capillaries, which are run in parallel. Fabrication of the 

microcapillary electrophoresis device may generally be carried 
using the methods described herein and as described in e.g., 
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Koolley and Mat hies, Proc . Natll Acad . gci< USA , 
(1994) , incorporated herein by reference in its entirety for 
all purposes. Typically, each capillary will be fluidly 
connected to a separate extension reaction chamber for 
incorporation of a different dideoxynucleotide. 

An alternate layout of the reaction chambers within 
the device of the invention, as noted above, includes a 

iTllli^t T 01 ^ 9 C6ntral Chamber f ° r ^thering 

TJ< , T ^ 3 flUid Sample t0 a nUffiber of separate 

reaction/storage/analytical chambers arranged around, and 

Lntlr-T 60 ^ t0 ^ C6ntral Chamber ' An of this 

centralized geometry is shown in Figure 5. m the particular 

device shown, a fluid sample is introduced into the device 

15 toTla^r 16 ^ 111 ^ 5 ° 2 ' WhiCh ±S tyPiCally " Uid1 ^ —ted 
to a sample collection chamber 504. The fluid sample is th,, 

Once S !in ed ~ 3 C6ntral Chamber 508 Via " Uid channel 506. ' 

to anv r T CSntral ChambSr ' ^ SamPlS roay be 

T*™ 5 ™ I J n Tt r ° f reaCti ° n / sto -^/-alytical chambers 

(510, 512, 514) which are arranged around and fluidly 

cZT ed t0 ^ C6ntral Chamber ' AS Sh ° Wn ' each of -action 
chambers 510 , 512 and 514, includes a diaphragm 516, 518 and 

520, respectively, as shown in Figure 2B, for opening and 
llTtT flUid COnnection bet ^» the central chamber 508 

T« T ! i reaCti ° n Charober " Additional reaction chambers may be 
added fluidly connected to the central chamber, or 
alternatively, may be connected to any of the above described 
reaction chambers. 

in certain aspects, the central chamber may have a 
dual function as both a hub and a pumping chamber, m 
particular, this central pumping chamber can be fluidly 
connected to one or more additional reaction and/or storage 
chambers and one or more. analytical chambers. The central 
pumping chamber again functions as a hub for the various 
operations to be carried out by the device as a whole as 
described above. This embodiment provides the advantage of a 
single pumping chamber to deliver a sample to numerous 
operations, as well as the ability to readily incorporate 
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additional sample preparation operations within the device by 
opening another valve on the central pumping chamber. 

In particular, the central chamber 508 may 
incorporate a diaphragm pump as one surface of the chamber, 
5 and in preferred aspects, will have a zero displacement when 
the diaphragm is not deflected. The diaphragm pump will 
generally be similar to the valve structure described above 
for the reaction chamber. For example, the diaphragm pump 
will generally be fabricated from any one of a variety of 

10 flexible materials, e.g., silicon, latex, teflon, mylar and 
the like. In particularly preferred embodiments, the 
diaphragm pump is silicon. 

With reference to both Figures 5A and 5B, central 
chamber 508 is fluidly connected to. sample collection chamber 

15 504, via fluid channel 506. The sample collection chamber end 
of fluid channel 506 includes a diaphragm valve 524 for 
arresting fluid flow. A fluid sample is typically introduced 
into sample collection chamber through a sealable opening 502 
in the body of the device, e.g., a valve or septum. 

20 Additionally, sample chamber 504 may incorporate a vent to 

allow displacement of gas or fluid during sample introduction. 

Once the sample is introduced into the sample 
collection chamber, it may be drawn into the central pumping 
chamber 508 by the operation of pump diaphragm 526. 

25 Specifically, opening of sample chamber valve 52 4 opens fluid 
channel 506. Subsequent pulling or deflection of pump 
diaphragm 526 creates negative pressure within pumping chamber 
508, thereby drawing the sample through fluid channel 506 into 
the central chamber. Subsequent closing of the sample chamber 

30 valve 524 and relaxation of pump diaphragm 526, creates a 
positive pressure within pumping chamber 508, which may be 
used to deliver the sample to additional chambers in the 
device. For example, where it is desired to add specific 
reagents to the sample, these reagents may be stored in liquid 

35 or solid form within an adjacent storage chamber 510. Opening 
valve 516 opens fluid channel 528, allowing delivery of the 
sample into storage chamber 510 upon relaxation of the 
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This has the additional advantage of eliminating 
5 of including additional rnixi™ eJ -«>inating the necessity 

Addi^« , w TOltXonal mi xxng components within the device 

^vLr,\ r/ValV6/flUld Channel ^ructures may Z 

provice reagent storage chambers, additional • 
or additional analytical chanber . ZZZl 
» additional reaction/storage cha„„.r 5 J ~ ^ *~ " 

y e«, cne analysis to be performed, and the design 

prZ:«r:r r " tion oparatio - -* 

valval to IT ■ ° Penin9 "* 1Ve 520 M °' f-r 

valves to tha puaping ehambar, allovrs dalivery of tha saaol, 

through fluid channala 530 ana 532 to • I P 

.hich My incluae an .aaivtioai"^::.^:: 1 :; r*" 

The transportation of fluid within the device of the 
For example, fluid transport may be affected by the 

external * diff *™^ Provided by either 

external or internal sources. Alternatively, internal oumn 
elements which are incorporated into the device may be Zd to 
transport fluid samples through the device. 

on* ™ «- In 3 firSt embodilnent ' samples are moved from 

fluilT 1 " St0ra96/analytiCal t0 a "° th - chamber "a 

from J ^ aPPlying 9 P ° SitiVe differential 

IZll ° rrginatin * Chamber ' the Chamber from which the 
sample is to be transported, to the receiving chamber, the 
chamber to which the fluid sample is to be transported In 
order to apply the pressure differentials, the various 
reaction chambers of the device will typically incorporate 
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pressure inlets connecting the reaction chamber to the 
pressure source (positive or negative) . For ease of 
discussion, the application of a negative pressure, i.e., to 
the receiving chamber, will generally be described herein. 
5 However, upon reading the instant disclosure, one of ordinary 
skill in the art will appreciate that application of positive 
pressure, i.e., to the originating chamber, will be as 
effective, with only slight modifications, which will be 
illustrated as they arise herein. 
10 In one method, application of the pressure 

differential to a particular reaction chamber may generally be 
carried out by selectively lowering the pressure in the 
receiving chamber. Selective lowering of the pressure in a 
particular receiving chamber may be carried out by a variety 
15 of methods. For example, the pressure inlet for the reaction 
chambers may be equipped with a controllable valve structure 
which may be selectively operated to be opened to the pressure 
source. Application of the pressure source to the sample 
chamber then forces the sample into the next reaction chamber 
20 which is at a lower pressure. 

Typically, the device will include a pressure /vacuum 
manifold for directing an external vacuum source to the 
various reaction/ storage/ analytical chambers. A particularly 
elegant example of a preferred vacuum pressure manifold is 
25 illustrated in Figures 6A, 6B and 6C. 

The vacuum/pressure manifold produces a stepped 
pressure differential between each pair of connected reaction 
chambers. For example, assuming ambient pressure is defined 
as having a value of 1, a vacuum is applied to a first 
30 reaction chamber, which may be written l-3x, where x is an 
incremental pressure differential. A vacuum of l-2x is 
applied to a second reaction chamber in the series, and a 
vacuum of 1-x is applied to a third reaction chamber. Thus, 
the first reaction chamber is at the lowest pressure and the 
35 third is at the highest, with the second being at an 

intermediate level. All chambers, however, are below ambient 
pressure, e.g., atmospheric. The sample is drawn into the 
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2bllr aCtl0n Chan,ber ^ thS PrSSSUr * ^"erential between 
ambxent pressure U) and the vacuum applied to the JH T 

chafer C l-3x) , which differential is ! 3 x e ^ " ^ 
not move to the second reaction chamber due to the it 
5 differential between the tir-«+ „ pressure 
d-3x vs i ^ SeC ° nd react i°n chambers 

De a V S ' 1 2X ' "actively) . upon completion of the 
operation performed in the fir- a + 

™ — =7 =F— - ■= 

cha^r ™* ^ ^ ~ — to «" *»*«- reaction 

confiau rat Ln^ e,natiC repreSentation °f * pneumatic manifold 

onfxguratxon for carrying out this pressure differential 
fluxd transport system is shown in Fiaure Si ai " erentlal 
manifold incl,,**- Figure 6A. The pneumatic 

v," t^li :it™:v°: which is °~ to - 

connect.* to reaction chamber3 6l2 ln tUr " 

«- .*o„ c hM ner. ^ br , noh chann>i e 

:r::; f :::„r~. s "r^r~ - ~ • 

s lmi i» rly , . plug within tfte chamei whioh ^ ^ ^ J el - 
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holes disposed therethrough, which effectively narrow the 
channel through which the pressure is applied, will result in 
a fluidic resistance, which resistance can be varied depending 
upon the number and/or size of the holes in the plug. 
5 Additionally, the plug may be fabricated from a porous 

material which provides a fluidic resistance through the plug, 
which resistance may be varied depending upon the porosity of 
the material and/or the number of plugs used. Variations in 
channel length can also be used to vary fluidic resistance. 

10 Each branch channel will typically be connected at a 

pressure node 622 to the reaction chamber via pressure inlets 
624. Pressure inlets 624 will typically be fitted with poorly 
wetting filter plugs 626, to prevent drawing of the sample 
into the pneumatic manifold in the case of vacuum based 

15 methods. Poorly wetting filter plugs may generally be 

prepared from a variety of materials known in the art and as 
described above. Each branch channel is connected to a vent 
channel 628 which is opened to ambient pressure via vent 63 0. 
A differential fluidic resistor 632 is incorporated into vent 

20 channel 628. The fluidic resistance supplied by fluidic 

resistor 632 will be less than fluidic resistance supplied by 
fluidic resistor 634 which will be less than fluidic 
resistance supplied by fluidic resistor 636. As described 
above, this differential fluidic resistance may be 

25 accomplished by varying the diameter of the vent channel, 
varying the number of. channels included in a single vent 
channel, varying channel length, or providing a plug in the 
vent channel having a varied number of holes disposed 
therethrough . 

30 The varied fluidic resistances for each vent channel 

will result in a varied level of vacuum being applied to each 
reaction chamber, where, as described above, reaction chamber 
616 may have a pressure of l-3x, reaction chamber 614 may have 
a pressure of l-2x and reaction chamber 612 may have a 

35 pressure of 1-x. The pressure of a c ven reaction chamber may 
be raised to ambient pressure, thus axlowing the drawing of 
the sample into the subsequent chamber, by opening the chamber 
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'! ov tL ent PreSSUre - This i- typically accomplished by 
providing a sealable opening 638 to anient pressure in the 

^e sttr 1 * This seaiabie ~ - • 

lav StrUCtUrS ' ° r -^natively, a rupture membrane which 
react ^T 6 " ^ 3 time t0 allOW ^ Particular 

r iTT ^ 3ChieVe ambi6nt PrSSSUre ' avowing 
oTthT V° ^ int ° SUbs ^nt chamber. Piercing 

/ embrane ^ ° arried ° Ut * th « inclusion L 
solenoxd operated pins incorporated within the device or th! 
dice's base unit (discussed in greater detail ZZi \T 
~- cases, it may be desirable to prevent back flow f rom a 
Previous or subseguent reaction chafer which is at a higher 
channel I ^ * the f^d 

15 Ltr: th : reaction chambers 644 w±th °— *~ 

^ ir ° f ° ne " Way ValVS st "-tures include ball *nd 
seat structures, flap valves, duck billed check valves, 
slidxng valve structures, and the l ike . 

between three"^ 31 illUStration °f the pressure profiles 

on!rrr o^ mbers ^ P ioy ing a vacuum based 

Pneu^atxc manifold is shown in Figure 6C. The solid line 
xndxcates the starting pressure of each reaction 

Proftirf" n ° de * d ° tted line indicates «»• P-ssure 

-suit 1 : d n Ur a 7.° Perati0n ' The piercing of a rupture membrane 

" a^Lr " ^ PreSSUre ° f the react "n chamber 

cre^T PreSSUrS ' "Siting in a pressure drop being 

cZblr I" ^ PartiCUlar Chamb - — the subseguent 

iJ^Z'n al l P T SUre ^ ^ SanplS ««» ^"t 

reaction chamber to the subsequent reaction chamber. 

be applied't a .H imilar . aSPeCt/ " ^""^ PrSSSUre sou "e may 
sub!! t °"^nating chamber to push the sample in J 

subsequent chambers. A pneumatic pressure manifold useful - 

ZlolZT ^ ShOWn ^ Fi9Ure 6B ' In tMS aS ^ Ct ' * P"ss, 
12 \ l Pr ° VideS 3 P ° SitiVe PrSSSUre to the »*» channel 
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this Z \ amberS ' A Pneuaati c Pressure manifold useful in 
souLI LT 15 ShOWn ^ Fi9Ure 6B ' ^ tMS aSpeCt ' * Pressure 
nrVJ Pr ° V 3 P ° SitiVe PrSSSUre t0 thS main ch -nel 

chamber V * intr ° dUCed to *** ««t reaction 

frofS: COntr ° llable ValVe 648 1- opened to vent the pressure 
from the pressure source and allow the first reaction chamber 
in the serxes 650 to remain at ambient pressure for the 
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introduction of the sample. Again, the first chamber in the 
series typically includes a sample inlet 640 having a sealable 
closure 642. After the sample is introduced into the first 
reaction chamber 650 , controllable valve 648 is closed, 
5 bringing the system up to pressure. Suitable controllable 
valves include any number of a variety of commercially 
available solenoid valves and the like. In this application, 
each subsequent chamber is kept at an incrementally higher 
pressure by the presence of the appropriate f luidic resistors 

10 and vents, as described above. A base pressure is applied at 
originating pressure node 652. When it is desired to deliver 
the sample to the second chamber 654, sealable opening 656 is 
opened to ambient pressure. This allows second chamber 654, 
to come to ambient pressure, allowing the pressure applied at 

15 the origin pressure node 652 to force the sample into the 
second chamber 654. Thus, illustrated as above, the first 
reaction chamber 650 is maintained at a pressure of 1+x, by 
application of this pressure at originating pressure node 652. 
The second reaction chamber 654 is maintained at pressure l+2x 

20 and the third reaction chamber 658 is maintained at a pressure 
of 1 +3x. Opening sealable valve 656 results in a drop in the 
pressure of the second reaction chamber 654 to 1 (or ambient 
pressure) . The pressure differential from the first to the 
second reaction chamber, x, pushes the sample from the first 

25 to the second reaction chamber and eventually to the third. 

Fluidic resistor 660 is provided between pressure node 662 and 
sealable valve 656 to prevent the escape of excess pressure 
when sealable valve 656 is opened. This allows the system to 
maintain a positive pressure behind the sample to push it into 

30 subsequent chambers. 

In a related aspect, a controllable pressure source 
may be applied to the originating reaction vessel to push a 
sample through the device. The pressure source is applied 
intermittently, as needed to move the sample from chamber to 

35 chamber. A variety of devices may be employed in applying an 
intermittent pressure to the originating reaction chamber, 
e.g., a syringe or other positive displacement pump, or the 
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like 



10 



15 



Alternatively, for the size scale of the device, a 
thermopneumatic pump na y be readily employed. An example of 
such a pump typically includes a heating element, e.g. a 
small scale resistive heater disposed in a pressure chamber. 
Also disposed xn the chamber is a quantity of a controlled 
vapor pressure fluid, such as a fluorinated hydrocarbon 
liquid, e.g., fluorinert liquids available from 3M Corp. 
These liquids are commercially available having a wide range 
of available vapor pressures. An increase in the controllable 
temperature of the heater increases pressure in the pressure 
chamber, which is fluidly connected to the originating 
reaction chamber. This increase in pressure results in a 
movement of the sample from one reaction chamber to the next. 
When the sample reaches the subsequent reaction chamber, the 
temperature in the pressure chamber is reduced. 

The inclusion of gas permeable fluid barriers e a 
poorly wetting filter plugs or hydrophobic membranes, in these 
tZtZ% PeraitS 3 S6nSOrless direction and control 

20 Z k 7 Within ^ d6ViCe - For e * a »Pl*' 

20 described above, such filter plugs, incorporated at the end of 

a reaction chamber opposite a fluid inlet will allow air or 

other gas present in the reaction chamber to be expelled 

during introduction of the fluid component into the chamber. 

25 ZZ 0 ltll Xng ? ^ Chamber ' ^ ' 1Uid SamplS W±11 the 
25 hydrophobic plug thus stopping net fluid flow. Fluidic 

resistances, as described previously, may also be employed as 

gas permeable fluid barriers, to accomplish this same result 

e.g., using fluid passages that are sufficiently narrow as to 

provide an excessive fluid resistance, thereby effectively 

stopping or retarding fluid flow while permitting air or gas 

flow. Expelling the fluid from the chamber then involves 

applying a positive pressure at the plugged vent. This 

permits chambers which may be filled with no valve at the 

mlet, i.e., to control fluid flow into the chamber. i„ mos t 

aspects however, a single valve will be employed at the 

" nl6t " ° rder t0 6nSUre retentio » ot the fluid sample 
within the chamber, or to provide a mechanism for directing a 
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fluid sample to one chamber of a number of chambers connected 
to a common channel. 

A schematic representation of a reaction chamber 
employing this system is shown in Figure 12 A. In brief, the 
5 reaction chamber 1202 includes a fluid inlet 1204 which is 
sealed from a fluid passage 1206 by a valve 1208. Typically, 
this valve can employ a variety of structures, as described 
herein, but is preferably a flexible diaphragm type valve 
which may be displaced pneumatically, magnetically or 

10 electrically. In preferred aspects, the valves are controlled 
pneumatically, e.g., by applying a vacuum to the valve to 
deflect the diaphragm away from the valve seat, thereby 
creating an opening into adjoining passages. At the end 
opposite from the inlet, is an outlet vent 1210, and disposed 

15 across this outlet vent is a hydrophobic membrane 1212. A 
number of different commercially available hydrophobic 
membranes may be used as described herein, including, e.g., 
Versapore 200 R membranes available from Gelman Sciences. 
Fluid introduced into the reaction chamber fills the chamber 

20 until it contacts the membrane 1212. Closure of the valve 
then allows performance of reactions within the reaction 
chamber without influencing or influence from elements outside 
of the chamber. 

In another example, these plugs or membranes may be 

25 used for degassing or debubbling fluids within the device. 

For degassing purposes, for example, a chamber may be provided 
wi-h one or more vents or with one wall completely or 
substantially bounded by a hydrophobic membrane to allow the 
passage of dissolved or trapped gases. Additionally, vacuum 

30 may be applied on the external surface of the membrane to draw 
gases from the sample fluids. Due to the small cross 
sectional dimensions of reaction chambers and fluid passages, 
elimination of such gases takes on greater importance, as 
bubbles may interfere with fluid flow, and/ or result in 

35 production of irregular data. , 

In a related aspect, such membranes may be used for 
removing bubbles purposely introduced into the device, i.e., 
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for the purpose of mixing two fluids which were previously 
desxred to be separated. For example, discrete fluids, e.g 
reagents, may be introduced into a single channel or 
debubbling chamber, separated by a gas bubble which is 
5 sufficient to separete the fluid plugs but not to inhibit 
fluid flow. These fluid plugs may then be flowed along a 
channel having a vent disposed therein, which vent includes a 
hydrophobic membrane. As the fluid plugs flow past the 
membrane, the gas will be expelled across the membrane 
10 whereupon the two fluids will mix. a schematic illustration 
of such a debubbling chamber is shown in Figure 12B. 

Figure 12C shows a schematic illustration of a 
device employing a fluid flow system which utilizes 
hydrophobic membrane bound vents for control of fluid flow 
15 As shown, the device 1250 includes a main channel 1252. The 
main channel is f luidly connected to a series of separate 
chambers 1254-1260. Each of these fluid connections with the 
main channel 1252 is mediated (opened or closed) by the 
inclusion of a separate valve 1262-1268, respectively, at the 
^ ntersecfc i°n of these fluid connections with the main channel. 
Further, each of the various chambers will typically include a 
vent port 1270-1276 to the outside environment, which vent 
ports will typically be bounded by a hydrophobic or poorly 
wetting membrane. The basic design of this system is 
:5 reflected in the device schematic shown in Figure 5, as well 
in that it employs a central distribution chamber or channel.' 

In operation, samples or other fluids may be 
introduced into the main channel 1252 via a valved or 
otherwise sealable liquid inlet 1278 or 1280. Application of 
0 a positive pressure to the fluid inlet, combined with the 
selective opening of the elastomeric valve at the fluid 
connection of a selected chamber with the main channel will 
force the fluid into that chamber, expelling air or other 
gases through the vent port at the terminus of the selected 
> chamber, until that vent is contacted with the fluid, 

whereupon fluid flow is stopped. The valve to the selected 
chamber may then be returned to the closed position to seal 
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the fluid within the chamber. As described above, the 
requisite pressure differential needed for fluid flow may 
alternatively or additionally involve the application of a 
negative pressure at the vent port to which fluid direction is 
sought* 

As a specific example incorporating the device shown 
in Figure 12C, a sample introduced into the main channel 1252, 
is first forced into the degassing chamber 1254 by opening 
valve 1262 and applying a positive pressure at inlet port 
1278. Once the fluid has filled the degassing chamber, valve 
1262 may then be closed. Degassing of the fluid may then be 
carried out by drawing a vacuum on the sample through the 
hydrophobic membrane disposed across the vent port 1270. 
Degassed sample may then be moved from the degassing chamber 
1254 to, e.g., reaction chamber 1256, by opening valves 1262 
and 1264, and applying a positive pressure to the degassing 
chamber vent port 1270. The fluid is then forced from the 
degassing chamber 1254, through main channel 1252, into 
reaction chamber 1256. When the fluid fills the reaction 
chamber, it will contact the hydrophobic membrane, thereby 
arresting fluid flow. As shown, the device includes a 
volumetric or measuring chamber 1258 as well as a storage 
chamber 1260, including similar valve: vent port arrangements 
1266:1274 and 1268:1276, respectively. The fluid may then be 
selectively directed to other chambers as described. 

Figure 12D shows a top view of a portion of an 
injection molded substrate for carrying out the operations 
schematically illustrated in Figure 12C. As shown, this 
device includes liquid loading chambers 1278a and 1280a which 
are in fluid communication with the fluid inlets 1278 and 1280 
(not shown) . These fluid inlets may typically be fabricated 
into the injection molded portion, e.g., drilled into the 
loading chamber, or fabricated into an overlaying planar 
member (not shown). Also included are reaction chambers 1254, 
degassing chambers 1256 and 1256a, measuring chambers 1258 , 
and storage chambers 1260. Each of these chambers is fluidly 
connected to main channel 1252. 
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exterior of the device, adjacent to the particular reaction 
chamber, whereby the heat from the heater is conducted into 
the reaction chamber. 

Temperature controlled reaction chambers will also 
5 typically include a miniature temperature sensor for 
monitoring the temperature of the chamber, and thereby 
controlling the application of current across the heater. A 
wide variety of microsensors are available for determining 
temperatures, including, e.g., thermocouples having a 

10 bimetallic junction which produces a temperature dependent 
electromotive force (EMF) , resistance thermometers which 
include material having an electrical resistance proportional 
to the temperature of the material, thermistors, IC 
temperature sensors, quartz thermometers and the like. See, 

15 Horowitz and Hill, The Art of Electronics, Cambridge 

University Press 1994 (2nd Ed. 1994). One heater/sensor 
design that is particularly suited to the device of the 
present invention is described in, e.g., U.S. Patent 
Application Serial No. 08/535,875, filed September 28, 1995, 

20 and incorporated herein by reference in its entirety for all 
purposes. Control of reaction parameters within the reaction 
chamber, e.g., temperature, may be carried out manually, but 
is preferably controlled via an appropriately programmed 
computer. In particular, the temperature measured by the 

25 temperature sensor and the input for the power source will 

typically be interfaced with a computer which is programmed to 
receive and record this data, i.e., via an analog- 
digital/digital-analog (AD/DA) converter. The same computer 
will typically include programming for instructing the 

30 delivery of appropriate current for raising and lowering the 
temperature of the reaction chamber. For example, the 
computer may be programmed to take the reaction chamber 
through any number of predetermined time/temperature profiles, 
e.g., thermal cycling for PCR, and the like. Given the size 

35 of the devices of the invention, cooling of the reaction 
chambers will typically occur through exposure to ambient 
temperature, however additional cooling elements may be 
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cont™, , In aMiti °" to f luid transport and temperature 
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30 "gur. 7B " ^"P- "in, this -^v system is shown 
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external surface of the reaction chamber and another surface 
in contact with the PZT element. An appropriately programmed 
computer 714 may be used to control the application of a 
voltage to the PZT element, via a function generator 712 and 
5 RP amplifier 710 to control the rate and/or timing of mixing. 

In alternate aspects , mixing may be supplied by the 
incorporation of ferromagnetic elements within the device 
which may be vibrated by supplying an alternating current to a 
coil adjacent the device. The oscillating current creates an 

10 oscillating magnetic field through the center of the coil 

which results in vibratory motion and rotation of the magnetic 
particles in the device, resulting in mixing, either by direct 
convection or accoustic streaming. 

In addition to the above elements, the devices of 

15 the present invention may include additional components for 
optimizing sample preparation or analysis. For example, 
electrophoretic force may be used to draw target molecules 
into the surface of the array. For example, electrodes may be 
disposed or patterned on the surface of the array or on the 

20 surface opposite the array. Application of an appropriate 
electric field will either push or pull the targets in 
solution onto the array. A variety of similar enhancements 
can be included without departing from the scope of the 
invention. 

25 Although it may often be desirable to incorporate 

all of the above described elements within a single disposable 
unit, generally, the cost of some of these elements and 
materials from which they are fabricated, may make it 
desirable to provide a unit that is at least partially 

30 reusable. Accordingly, in a particularly preferred 

embodiment, a variety of control elements for the device, 
e.g., temperature control, mixing and fluid transport elements 
may be supplied within a reusable base-unit. 

For example, in a particularly preferred embodiment, 

35 the reaction chamber portion of the rvice can be mated with a 
reusable base unit that is adapted for receiving the device. 
As described, the base unit may include one or more heaters 
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for controlling the temperature within selected reaction 
chambers within the device. Similarly, the base unit may 
incorporate mixing elements such as those described herein as 

5 Ind V S ° r PrSSSUre SOUrC6S f ° r —pie mixing 

5 and transportation within the device. 

As an example, the base unit may include a first 
surface having disposed thereon, one or more resistive heaters 
of the type described above. The heaters are positioned on 

10 T Z T ° f b3Se ""^ SUCh that When <*• action 

10 chamber device is mated to that surface, the heaters will be 

adjacent to and preferably contacting the exterior surface of 

the device adjacent to one or more reaction chambers in which 

eZenr" T** ** Simila ^' — « more mixing 

elements, such as the acoustic mixing elements described 
15 above, may also be disposed upon this surface of the base 

unit, whereby when mated with the reaction chamber device, the 
nixing elements contact the outer surface of the 
reaction/storage/analytical chambers in which such mixing is 

20 till ^ th ° Se reaCti ° n cambers in which both mixing and 

20 heating are desired, interspersed heaters and mixers may L 
provided on the surface of the base unit. Alternatively, the 
base unit may include a second surface which contacts the 
opposite surface of the device from the first surface, to 
apply heating on one exterior surface of the reaction chamber 
25 and mixing at the other. 

Along with the various above-described elements, the 
base unit also typically includes appropriate electrical 
connections for linking the heating and mixing elements to an 
appropriate power source. Similarly, the base unit may also 
be used to connect the reaction chamber device itself to 
external power sources, pressure/ vacuum sources and the like 
In particular, the base unit can provide manifolds, ports and 
electrical connections which plug into receiving connectors or 
Ports on the device to provide power, vacuum or pressure for 
the various control elements that are internal to the device 
For example, mating of the device to the base unit may provide 
a connection from a vacuum source in the base unit to a main 
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vacuum manifold manufactured into the device, as described 
above. Similarly, the base unit may provide electrical 
connectors which couple to complementary connectors on the 
device to provide electrical current to any number of 
5 operations within the device via electrical circuitry 
fabricated into the device. similarly, appropriate 
connections are also provided for monitoring various 
operations of the device, e.g., temperature, pressure and the 
like. 

10 For those embodiments employing a pneumatic manifold 

for fluid transport which relies on the piercing of rupture 
membranes within the device to move the sample to subsequent 
chambers, the base unit will also typically include one or 
more solenoid mounted rupture pins. The solenoid mounted 

15 rupture pins are disposed within receptacles which are 
manufactured into the surface of the base unit, which 
receptacles correspond to positions of the rupture membranes 
upon the device. The pins are retained below the surface of 
the base unit when not in operation. Activation of the 

20 solenoid extends the pin above the surface of the base unit, 
into and through the rupture membrane. 

A schematic representation of one embodiment of a 
base unit is shown in Figure 8. As shown in Figure 8, the 
base unit 800 includes a body structure 802 having a mating 

25 surface 804 . The body structure houses the various elements 
that are to be incorporated into the base unit. The base, unit 
may also include one or more thermoelectric heating/cooling 
elements 806 disposed within the base unit such that when the 
reaction chamber contianing portion of the apparatus is mated 

30 to the mating surface of the base unit, the reaction chambers 
will be in contact or immediatly adjacent to the heating 
elements. For those embodiments employing a differential 
pressure based system for moving fluids within the device, as 
described above, the base unit may typically include a 

35 pressure source opening to the mating surface via the pressure 
source port 810. The base unit will also typically include 
other elements of these systems, such as solenoid 812 driven 
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Pins 814 for piercing rupture membranes. These nine: 
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Pumping devices that are particularly useful include 
a variety of roicromachined pumps that have been reported in 
the art. For example, suitable pumps include pumps which 
having a bulging diaphragm, powered by a piezoelectric stack 
5 and two check valves, such as those described in U.S. Patent 
Nos. 5,277,556, 5,271,724 and 5,171,132, or powered by a 
thermopneumatic element, as described in U.S. Patent No. 
5,126,022 piezoelectric peristaltic pumps using multiple 
membranes in series, and the like. The disclosure of each of 
10 these patents is incorporated herein by reference. Published 
PCT Application No. WO 94/05414 also discusses the use of a 
lamb-wave pump for transportation of fluid in micron scale 
channels. 

Ferrofluidic fluid transport and mixing systems may 

15 also be incorporated into the device of the present invention. 
Typically, these systems incorporate a ferrofluidic substance 
which is placed into the apparatus. The ferrofluidic 
substance is control led/ directed externally through the use of 
magnets. In particular, the ferrofluidic substance provides a 

20 barrier which can be selectively moved to force the sample 
fluid through the apparatus, or through an individual 
operation of the apparatus. These ferrofluidic systems may be 
used for example, to reduce effective volumes where the sample 
occupies insufficient volume to fill the hybridization 

25 chamber. Insufficient sample fluid volume may result in 
incomplete hybridization with the array, and incomplete 
hybridization data. The ferrofluidic system is used to 
sandwich the sample fluid in a sufficiently small volume. 
This small volume is then drawn across the array in a manner 

30 which ensures the sample contacts the entire surface of the 

array. Ferrofluids are generally commercially available from, 
e.g., FerroFluidics Inc., New Hampshire. 

Alternative fluid transport mechanisms for inclusion 
within the device of the present invention include, e.g. 

35 electrohydrodynamic pumps (see, e.g., Richter, et al. 3rd IEEE 
Workshop on Micro Electro Mechanical Systems, February 12-14, 
1990, Napa Valley, USA, and Richter et al., Sensors and 
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Actuators 29!159 . 165 (1991)( „ 
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traveling electric field for moving a fluid into which a 
charge has been introduced. See Bart, et al., Sensors and 
Actuators (1990) A21-A-23 : 193-197 . These mixing elements can 
be readily incorporated into miniaturized devices. 
5 Alternatively, mixing may be carried out using thermopneumatic 
pumping mechanism* This typically involves the inclusion of 
small heaters, disposed behind apertures within a particular 
chamber. When the liquid in contact with the heater is 
heated, it expands through the apertures causing a convective 

10 force to be introduced into the chamber, thereby mixing the 
sample. Alternatively, a pumping mechanism retained behind 
two one way check valves, such as the pump described in U.S. 
Patent No. 5,375,979 to Trah, incorporated herein by reference 
in its entirety for all purposes, can be employed to circulate 

15 a fluid sample within a chamber. In particular, the fluid is 
drawn into the pumping chamber through a first one-way check 
valve when the pump is operated in its vacuum or drawing 
cycle. The fluid is then expelled from the pump chamber 
through another one way check valve during the reciprocal pump 

20 cycle, resulting in a circular fluid flow within the reaction 
chamber. The pumping mechanism may employ any number of 
dn signs, as described herein, i.e., diaphragm, thermal 
pressure , electrohydrodynamic , etc . 

It will typically be desirable to insulate 

25 electrical components of the device which may contact fluid 
samples, to prevent electrolysis of the sample at the surface 
of the component. Generally, any number of non-conducting 
insulating materials may be used for this function, including, 
e.g., teflon coating, Si0 2 , Si 3 N 4 , and the like. Preferably, 

30 insulating layers will be Si0 2 , which may generally be 

sputtered over the surface of the component to provide an 
insulating layer. 

The device of the present invention will also 
typically incorporate a number of microvalves for the 

35 direction of fluid flow within the device. A variety of 
microvalve designs are particularly well suited for the 
instant device. Examples of valves that may be used in the 
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ruccures for use in the present devices typically 
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the device of the invention. Typically, these valves will be 
incorporated within or at one or both of the +~rl 
10 fluid channels linking the various reaction c^T* ^ 
be able to within* reaction chambers, and will 

° Wlthstan <3 ^e pressures or reagents used in the 
various operations. An illustration of an embodiment of the 
diaphragm valve/flui d channel construction is illustrate, L 
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effects may also be employed in controlling these f luidic 
valves. For example, the oil portion of the fluid valve mnay 
have suspended therein appropriate particles having high 
dielectric constants. Application of an appropriate electric 
5 field then increases the viscosity of the fluid thereby 
creating an appropriate barrier to fluid flow. 

The device may also incorporate one or more filters 
for removing cell debris and protein solids from the sample. 
The filters may generally be within the apparatus, e.g., 

10 within the fluid passages leading from the sample 

preparation/ extract ion chamber. A variety of well known 
filter media may be incorporated into the device, including, 
e.g., cellulose, nitrocellulose, polysulfone, nylon, 
vinyl/acrylic copolymers, glass fiber, polyvinylchloride, and 

15 the like. Alternatively, the filter may be a structure 

fabricated into the device similar to that described in U.S. 
Patent No. 5,304,487 to Wilding et al., previously 
incorporated herein. Similarly, separation chambers having a 
separation media, e.g., ion exchange resin, affinity resin or 

20 the like, may be included within the device to eliminate 
contaminating proteins, etc. 

In addition to sensors for monitoring temperature, 
the device of the present invention may also contain one or 
more sensors within the device itself to monitor the progress 

25 of one or more of the operations of the device. For example, 
optical sensors and pressure sensors may be incorporated into 
one or more reaction chambers to monitor the progress of the 
various reactions, or within flow channels to monitor the 
progress of fluids or detect characteristics of the fluids, 

30 e.g., pH, temperature, fluorescence and the like. 

As described previously, reagents used in each 
operation integrated within the device may be exogenously 
introduced into the device, e.g., through sealable openings in 
each respective chamber. However, in preferred aspects, these 

35 reagents will be predisposed within the device. For example, 
these reagents may be disposed within the reaction chamber 
which performs the operation for which the reagent will be 
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used, or within the fluid channels leading to that ^ «.■ 
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preparation domain as well as the storage domain and includes 
a number of reaction chambers (5) , measuring chambers (2) and 
debubbling chambers (1) . Both sample preparation and reaction 
domains may be addressed by a thermal controller , e.g., 
5 heaters or thermoelectric heater/cooler. 

The post processing domain is typically linked to 
the reaction domain and includes a number of reagent inlets 
(5) , reaction chambers (2), storage chambers (1) and sample 
inlets (1) . The reagent inlets may be used to introduce 

10 buffers, e.g., 6 X SSPE or water into the analytical element, 
e.g., an oligonucleotide array. 

3 . Generic Multiple Parallel System 
Figure 14 is a schematic illustration of a device 
conf igurationfor addressing situations where several reactions 

15 are to be carried out under the same thermal conditions, e.g., 
multiple parallel sample analyses, duplicating multiplex PCR 
by carrying out several PCR reactions with single primer pairs 
in parallel followed by recombining them, or cycle sequencing 
with a variety of primer pairs and/or templates. 

20 in this configuration as shown, two storage domains 

supply reagents to two reaction domians, each being addressed 
by an array of 50 valves. The reaction and storage arrays 
each comprise a 4 X 12 matrix of reactors /chambers, each from 
10 nl to 5 Ml in volume. These chambers are addressed by 4 

25 columns each of pneumatic ports. Two additional arrays of 10 
valves address a sample preparation and post processing 
domain. A bank of solenoid valves may be used to drive the 
pneumatic ports and the valve arrays. 

30 IV. Applications 

The device and system of the present invention has a 
wide variety of uses in the manipulation, identification 
and/ or sequencing of nucleic acid samples. These samples may 
be derived from plant, animal, viral or bacterial sources. 

35 For example, the device and system of the invention may be 

used in diagnostic applications, such as in diagnosing genetic 
disorders, as well as diagnosing the presence of infectious 
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agents, e.g., bacterial or viral infections. Additionally, 
the device and system may be used in a variety of 
characterization applications, such as forensic analysis, 
e.g., genetic fingerprinting, bacterial, plant or viral 
5 identification or characterization, e.g., epidemiological or 
taxonomic analysis, and the like. 

Although generally described in terms of individual 
devices, it will be appreciated that multiple devices may be 
provided in parallel to perform analyses on a large number of 
10 individual samples, because the devices are miniaturized, 
reagent and/or space requirements are substantially reduced. 
Similarly, the small size allows automation of sample 
introduction process using, e.g., robot samplers and the like. 

in preferred aspects, the device and system of the 
15 present invention is used in the analysis of human samples. 
More particularly, the device is used to determine the 
presence or absence of a particular nucleic acid sequence 
within a particular human sample. This includes the 
identification of genetic anomalies associated with a 
20 particular disorder, as well as the identification within a 
sample of a particular infectious agent, e.g., virus, 
bacteria, yeast or fungus. 

The devices of the present invention may also be 
used in de novo sequencing applications. In particular, the 
!5 device may be used in sequencing by hybridization (SBH) 

techniques. The use of oligonucleotide arrays in de novo SBH 
applications is described, for example, in U.S. Application 
Serial No. 08/082,937, filed June 25, 1993. 
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EXAMPLES 

Example 1- Extraction and Pnt-i f ication of Nuclpir a^ri e 

In separate experiments, HIV cloned DNA was spiked 
into either horse blood or a suspension of murine plasmacytoma 
fully differentiated B-cells derived from BALBc mice. 
Guanidine isothiocyanate was added to a concentration of 4 M, 
to lyse the material. In separate experiments, the lysate was 
passed through a cartridge containing glass wool (20 fil) , a 
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cartridge with soda glass walls ( 20 pi), and a glass tube. 
After 30 minutes at room temperature, the remaining lysate was 
washed away with several volumes of ethanol: water (1:1) and 
the captured DNA was eluted at 60 °C using IX TBE. The yield 
5 of eluted DNA was measured using ethidum bromide staining on 
an agarose gel, and purity was tested by using the eluted 
material as a template for a PCR reaction. Elution yields 
ranged from 10% to 25% and PCR yields ranged from 90 to 100% 
as compared to controls using pure template, 

10 

Example 2- RN A Preparation Reactions in Miniaturized System 

A model miniature reactor system was designed to 
investigate the efficacy of miniaturized devices in carrying 
out prehybridization preparative reactions on target nucleic 

15 acids. In particular, a dual reaction chamber system for 
carrying out in vitro transcription and fragmentation was 
fabricated. The device employed a tube based structure using 
a polymer tubing as an in vitro transcription reactor coupled 
to a glass capillary fragmentation reactor. Reagents not 

20 introduced with the sample were provided as dried deposits on 
the internal surface of the connecting tubing. The experiment 
w? s designed to investigate the effects of reaction chamber 
materials and reaction volume in RNA preparative reaction 
chambers . 

25 The sample including the target nucleic acid, DNA 

amplicons containing a 1 kb portion of the HIV gene flanked 
wiUi promoter regions for the T3 and T7 RNA primers on the 
sense and antisense strands, respectively, RNA polymerase, 
NTPs, fluorinated UTP and buffer, were introduced into the 

30 reactor system at one end of the tubing based system. In 
vitro transcription was carried out in a silicone tubing 
reactor immersed in a water bath. Following this initial 
reaction, the sample was moved through the system into a glass 
capillary reactor which was maintained at 94 °C, for carrying 

35 out the fragmentation reaction. The products of a 

representative time-course fragmentation reaction are shown in 
the gel of Figure 10A. In some cases, the tubing connecting 
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the IVT reactor to the fragmentation reactor contained 

additi °" t0 °- «— 
capxilary u , s Jir.t coated with BSA to avoid interactions 

between the sanple ana the gla... Following frag^ntation 

5 the saspl. was hybridised with an appropriately tl"d 

oligonucleotide array, as aescribed above Pr .o»^» ( 
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" carried * Sil ° ilar Prepar » tive transcription reaction was 
carried out ln a .icro-reaction charter fabricated in 
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polycarbonate part. The well was 250 „„ aeep ano^aa an 
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*^ " r ° U9h **' " hiCh h01 " »«" Positioned at opposite 
ends « the reaction charter. Temperature control for the 

20 IZZZZr r : a0ti ° n SUPPliM by aWlyin * -ternal 

17^.™™ th : r oti °r as * - 

transcription and "Z^XZZl ^ 
reapt Transcription reactions performed in the micro- 

25 »!^rr aChleV6d 3 70% y ield - compared to conventional 

PCR thermal cycler. A comparison of in vitro transcription 
reactxon products using a microchamber versus a larger scaTe 
control are shown in Figure 10B. 

the on h The . miniature Polymeric reaction chamber similar to 
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supplied by applying a peltier heater against the thinner 
second wall of the cavity. 

Amplification of a target nucleic acid was performed 
with Perkin-Elmer GeneAmp® PCR kit. The reaction chamber was 
5 cycled for 20 seconds at 94°C (denaturing), 40 seconds at 65°C 
(annealing) and 50 seconds at 72 °C (extension) . A profile of 
the thermal cycling is shown in Figure 9. Amplification of 
approximately 10 9 was shown after 35 cycles. Figure 10C shows 
production of amplified product in the microchamber as 
10 compared to a control using a typical PCR thermal cycler. 

Example 4- System Demonstration. Integrated Reactions 

A microfabricated polycarbonate device was 
manufactured having the structure shown in Figure 15A. The 

15 device included three discrete vented chambers. Two of the 

chambers (top and middle) were thermally isolated from the PCR 
chamber (bottom) to prevent any denaturation of the RNA 
polymerase used in IVT reractions at PCR temperatures. 
Thermal isolation was accomplished by fabricating the chambers 

20 more than 10 mm apart in a thin polycarbonate substrate and 

controlling the temperatures in each region through the use of 
thermoelectric temperature controllers, e.g., peltier devices. 

The reactor device dimensions were as follows: 
channels were 250 /na wide by 125 /im deep; the three reaction 

25 chambers were 1.5 mm wide by 13 mm in length by 125 to 500 /im 
deep, with the reactor volumes ranging from 2.5 to 10 /il. 
Briefly, PCR was carried out by introducing 0.3 units of Tag 
polymerase, 0.2 mM dNTPs , 1.5 mM MgCl 2 , 0.2 jiM primer 
sequences, approximately 2000 molecules of template sequence 

30 and IX Perkin-Elmer PCR buffer into the bottom chamber. The 
thermal cycling program included (1) an initial denaturation 
at 94 °C for 60 seconds, (2) a denaturation step at 94 °C for 20 
seconds, (3) an annealing step at 65 °C for 40 seconds, (4) an 
extension step at 72 °C for 50 seconds, (5) repeated cycling 

35 through steps 2-4 35 times, and (6) a final extension step at 
72 °C for 60 seconds. 



10 



15 
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Following PGR, o.2 Ml of the PGR product was 
transferred to the IVT chamber (middle) along with 9.8 M i of 
1VT mixture (2.5 mM ATP, CTP, GTP and 0.5 mM UTP, 0.25 mM 
Fluorescein-UTP, 8 mM Mg ci 2/ so mM HEPES, ix Promega 
Transcription Buffer, lo mM DTT, 1 unit T3 RNA polymerase, 0.5 
units RNAguard (Pharmacia) ) that had been stored in a storage 
chamber (top) . Fluid transfer was carried out by applying 
pressure to the vents at the termini of the chambers. IVT was 
carried out at 37 °c for 60 minutes. 

The results of PGR and IVT are shown in Figure 15B 
compared with control experiments, e . g ., per formed in 
eppendorf tubes. 

Example 5- Acous tic Miving 

<- iC3Cy ° f an acoustic element for mixing the 

contents of a reaction chamber was tested. A 0.5" X 0 5" x 

a'o 04 ^:^ 1 ° f PZT " 5H b ° nded t0 the external ^ace of 
a 0030- thick region of a planar piece of delrin which had 

20 IT T 11 "^ ^ ^ SUrfaCe ° PP ° Site the PZT 1— An 
20 oligonucleotide array synthesized on a flat silica substrate, 

was sealed over the cavity using a rubber gasket, such that 

the surface of the array having the oligonucleotide probes 

synthesized on it was exposed to the cavity, yielding a 250 M l 

25 I??* 0 " Chamber ' PZT CryStal WaS driven *y a " *N*200 

High Frequency Power Supply, „ hich is driven by a function 

generator from Hewlett Packard that was gated by a second 
function generator operated at l Hz. 

In an initial test, the chamber was filled with 
deionized water and a small amount of 2% milk was injected for 
30 visualization. The crystal was driven at 2 MHz with an 

average power of 3 w. Fluid velocities within the chamber 

IZl e ; timated in 6XCeSS ° f 1 indicating significant 

convection. A photograph showing this convection is shown in 
Figure 7B . 

35 The effi °a<=y of acoustic mixing was also tested in 

an actual hybridization protocol. For this hybridization 
test, a fluorescently labeled oligonucleotide target sequence 
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having the sequence 5 " — GAGATGCGTCGGTGGCTG— 3 • and an array . 
having a checkerboard pattern of 400 /Lint squares having 
complements to this sequence synthesized thereon / were used. 
Hybridization of a 10 nM solution of the target in 6xSSPE was 
5 carried out. During hybridization, the external surface of the 
array was kept in contact with a thermoelectric cooler set at 
15 *C. Hybridization was carried out for 20 minutes while 
driving the crystal at 2 MHz at an average power of 4 W (on 
time = 0.2 sec, off time = 0.8 sec). The resulting average 
10 intensity was identical to that achieved using mechanical 

mixing of the chamber (vertical rotation with an incorporated 
bubble) . 

Additional experiments using f luorescently labeled 
and fragmented 1 kb portion of the HIV virus had a successful 

15 base calling rates. In particular, a 1 kb HIV nucleic acid 

segment was sequenced using an HIV tiled oligonucleotide array 
or chip. See, U.S. Patent Application Serial No. 08/284,064, 
filed August 2, 1994, and incorporated herein by reference for 
all purposes. Acoustic mixing achieved a 90.5% correct base 

20 calling rate as compared to a 95.8% correct base calling rate 
for mechanical mixing. 

Example 5- Demonstration of Fluid Direc tion System 

A polycarbonate cartridge was fabricated using 

25 conventional machining, forming an array of valves linking a 
common channel to a series of channels leading to a series of 
10 /il chambers, each of which was terminated in a hydrophobic 
vent. The chambers included (l) an inlet chamber #1, (2) 
inlet chamber #2, (3) reaction chamber, (4) debubbling chamber 

30 having a hydrophobic vent in the center, (5) a measuring 

chamber and (6) a storage chamber. Elastomer ic valves were 
opened and closed by application of vacuum or pressure 
(approx. 60 psi) to the space above the individual valves. 

In a first experiment, water containing blue dye 

35 (food coloring) was introduced into inlet chamber #1 while 
water containing yellow dye (food coloring) was introduced 
into inlet chamber #2. By opening the appropriate valves and 



20 



>5 
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applying 5 psi to the appropriate vent, the following series 
of fluid Movements were carried out: the blue water was moved 
from inlet chamber #1 to the reaction chamber; the yellow 

6 the blue water was moved from the reaction chamber to the 

ITZ ZTT™ ^ remaining blUe ^ Was exhaust 
to the inlet chamber #i; Th e measured blue water 

^!T^ ely ^ m ° Ved fr ° m the —ring chamber to 

the debubblxng chamber; the yellow water is then moved from 
the storage chamber into the debubbling chamber whereupon it 
linked wxth the blue water and appeared to mix, producing a 

m^ 10 ^ ^ f±nally ' thS miXtUre was ™~ed from the 
debubbling chamber to the reaction chamber and then to the 
storage chamber. 

Functioning of the debubbling chamber was 

f^T ted ^ f ° Ur P1U * S of -^red water 

from the reaction chamber to the debubbling chamber. The 

TolZTl ^T' UP ° n PaSSing int ° thS deb ^-g chamber, 
jomed together as a single fluid plug. 

The functioning of the measuring chamber was 
demonstrated by repetetively moving portions of a io M i 
colored water sample from the storage chamber to the measuring 
chamber, followed by exhausting this fluid from the measuring 
chamber. This fi uid transfer _ carried ^ g 

indxcatxng repeated aliquoting of approximately i. 6 M i per 
measuring chamber volume (io M l in 6 aliquots) . 

While the foregoing invention has been described in 
some detail for purposes of clarity and understanding, £ Mil 
be clear to one skilled in the art from a reading of ^his 
disclosure that various changes in form and detail can be made 
wxthout departing from the true scope of the invention. All 

Ce x 1 ::! 0 ^ r: d ° CUmentS C±ted ^ thiS Ration 

are incorporated by reference in their entirety for all 

ITZIVI T 95 ±f eaCh Publication 

or patent document were so individually denoted. 
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WHAT IS CLAIMED IS; 

1 1. A miniature fluidic system, comprising: 

2 a body having at least two discrete reaction 

3 chambers, each of said reaction chambers comprising at least 

4 one vent port, and wherein each of said reaction chambers is 

5 fluidly connected to a common chamber or channel; 

6 a pneumatic system for selectively applying a 

7 pressure differential between said common channel or chamber 

8 and at least a selected one of said at least two discrete 

9 chambers, whereby said pressure differential directs a fluid 

10 sample in said body between said common channel or chamber and 

11 said at least one selected chamber. 

1 2, The system of claim 1, wherein said vent port 

2 comprises a gas permeable fluid barrier disposed across said 

3 vent port. 

1 3. The system of claim 2, wherein said gas permeable 

2 fluid barrier is a hydrophobic membrane. 

1 4. The system of claim 1, wherein at least one of said 

2 at least two chambers is a debubbling chamber, said debubbling 

3 chamber comprising at least two vent ports, one of said at 

4 least two vent ports being disposed at an intermediate 

5 position in said chamber, whereby a bubble separating at least 

6 twu discrete fluid plugs in said chamber may exit said chamber 

7 allowing said at least two discrete fluid plugs to connect. 

1 5. The system of claim 1, further comprising a 

2 controllable valve at the fluid connection between each of 

3 said at least two discrete chambers and said common channel or 

4 chamber . 

1 6. The system of claim 5, whe^ ?in said controllable 

2 valve is a diaphragm valve. 
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1 7. 
2 
3 



J -r^ rsr— - - 



1 10. 



2 
3 
4 
5 



p...... h°"„ g a «Lrr, via a fiuia passa9e - «« »»« 

t= about 10 „o m ,t. r r di "" nsion " fr °° «"* » - 

», and a depth di M nsio„ of ,„„ , boat , tQ 50(J 

preeeure between for "PPWno a differential 

"ret ^ r to saiQ at xeee/r::^;^™ «" « — 

coepriee, flr^"^ Uherei " «^» 

a.aiy greater than ambient pressure ~~ • ^ 

pressure being greater th^ ^. pressure and sai <* second 

aaid second cnaLT 8 TZZ JlZlZ^' ""^ — 
8 pressure forces a liouid 7 *mb le nt Pressure, said first 

said eecond ZJLl^ ' " ~" "»* — « ««• 



1 11 

2 
3 
4 
5 

1 12. 
2 
3 
4 
5 
6 
7 



9 



1 13 
2 

3 



™ ^r^^etr- 1 - said di — 

a pressure source; 
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4 at least first and second passages fluidly 

5 connecting said pressure source to said at least first and 

6 second chambers, respectively; 

7 a first f luidic resistance disposed in said first 

8 passage between said pressure source and said first chamber, 

9 said first f luidic resistance transforming a pressure from 

10 said pressure source to said first pressure; 

11 a second fluidic resistance disposed in said second 

12 passage between said pressure source and said second chamber, 

13 said second fluidic resistance transforming said pressure from 

14 said pressure source to said second pressure; and 

15 first and second openable closures in said first and 

16 second chambers, respectively, whereby opening of said first 

17 or second closures allows said first or second chambers to 

18 achieve ambient pressure. 

1 14. The miniature system of claim 13, wherein said first 

2 and second fluidic resistances independently comprise one or 

3 more fluid passages connecting said first and second passages 

4 to said first and second chambers, said first fludic reistance 

5 having a smaller cross-sectional area than said second fluidic 

6 resistance. 



1 15. The system of claim 1, wherein said pneumatic system 

2 comprises a differential pressure delivery system for 

3 maintaining said first chamber at a first pressure and said 

4 second chamber at a second pressure, said second pressure 

5 being less than ambient pressure and said first pressure being 

6 lers than said second pressure, whereby when said first 

7 chamber is brought to ambient pressure, said second pressure 

8 draws a liquid sample in said first chamber into said second 

9 chamber . 

1 16. The system of claim 15, wherein said differential 

2 pressure delivery system comprises: 

3 a pressure source; 
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4 at least first and second passages fluidly 

5 connecting said pressure source to said at least first and 

6 second chambers, respectively; 

7 a first f luidic resistance disposed in said first 
Passage between said pressure source and said first chamber, 

10 111* " UidiC resistance transforming a pressure from 

10 saxd pressure source to said first pressure; 

12 Passaae Jl ^ • ' r6Sistance dis P°^d in said second 

12 passage between said pressure source and said second chamber, 

13 saxd second fluidic resistance transforming said pressure from 



8 
9 



— — 1*3 oaxu 

said pressure source to said second pressure; and 

firSt and second openable closures in said first and 

18 achieve ambient pressure. 



1 17. The system of claim 16, wherein said first and 

< second fluidic resistances independently comprise one or more 

fluid Dassaaps r*r^^~+- A • , ^ . 



3 
4 



2 



. *- wwiujyj. one or moi 

!ald fl«r 9 " C ° nneCting Said "»* «- -cond Passages to 
saxd fxrst and second chambers, said first fludic reistance 

IZZi: ' ar9er —-"-1 area than said second fluidic 



6 resistance. 

1 18. 

2 



includes a 7 ClailD Wherein S3id S ^ Stem ^ther 

one T „ t6nPeratUre Roller disposed adjacent at least 
one of saxd at least two chambers, for controlling a 
temperature within said at least one chamber. 



2 eon J!; SyStem ° f Claim 2 °' Wh6rein said temperature 

controller comprises a thermoelectric temperature controller. 

1 20. The system of claim 20, wherein said temperature 

controller comprises a resistive heater. 



I k , 21 ' SySt6m ° f Claim 22 ' therein said resistive 

3 element element ** * ^^^^pp.r laminate heating 
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1 22. The system of claim 20, further comprising a 

2 temperature sensor disposed within said temperature controlled 

3 chamber . 

1 23. The system of claim 24, wherein said temperature 

2 sensor is a thermocouple. 

1 24. The system of claim 25, wherein said temperature 

2 sensor is a resistance thermometer. 

1 25. The system of claim l f wherein at least one of said 

2 at least two chambers is a cell lysis chamber and comprises a 

3 cell lysis system disposed therein, for lysing cells in a 

4 fluid sample. 

1 26. The system of claim 25, wherein said cell lysis 

2 system comprises an acoustic energy source disposed adjacent 

3 said cell lysis chamber. 

1 27. The system of claim 25, wherein said cell lysis 

2 chamber includes microstructures fabricated on an internal 

3 surface of said cell lysis chamber for enhancing cell lysis. 

1 28. The system of claim 25, wherein said cell iysis 

2 chamber includes an electrolytic pH control system for 

3 altering a pH of said cell lysis chamber. 

1 29. The system of claim 1, wherein at least one of said 

2 at least two chambers is a hybridization chamber for analyzing 

3 a component of a fluid sample, said hybridization chamber 

4 including a polymer array, said polymer array including a 

5 plurality of different polymer sequences coupled to a surface 

6 of a single substrate, each of said plurality of different 

7 polymer sequences being coupled to said surface in a 

8 different, known location. 
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1 30. The system of claim 29 , wherein said polymer array 

of i f l::; : 0 v aid sin9ie substrate ' each ° f 

5 11 Till* r r r SeqUenCSS bei "^ co «P^ to said surface 

6 in a different, known location. 



31. The system of claim l, wherein said polymer array 
composes at least 10 00 different polymer sequence! coup"! to 
of L7 " ° f 8111916 SUbst "te, -ch of said plurality 

5 in II SSqUenCeS ° OUPled to Baid surface 

5 in a different, known location. 



1 32. The system of claim 29, wherein said polymer array 

t7sa r r a : least io ' oo ° different p — -™c 0 ;l 

Said SUrfaro ^ M 4 o ^ " 



fft ea . , ^ * /WA J riUCi sequences c 

to surfaoe of =aid single substrate 

surtace in a dxfferent, known location. 



2 at lea s ; J"* 7^ °* Claim at least «»• said 

3 system C °" PriSeS 3 * Cid amplification 



2 1 amolJi* SyStSm ° f Claiin " ' Wh6rein Said ™*«ic acid 



3 



eairi o+. t ^ — « j--luj.u samp. 



4 temperatures 



2 ml< 15 ' ^ SySte " "* Clain 34 ' wb «" in 'VBt™ for 



ehaffiWe( BJ — u«xn P erax:ure control; 

WT' ! " lMSt tW '' ° h "" berS bei ' 19 »»i"tai„.a « at 

^l'^'^ ' Mtmb "« « ^«t two 



7 temperature controlled chambers. 
1 36. 



at lea!; ^ I!* - *" °* Claim WhWr * ln at least one of said 
at least two chambers comprises a nucleic acid purification 
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3 system for separating nucleic acids in said sample from other 

4 contaminants in said sample. 

1 37. The system of claim 3 6 , wherein said nucleic acid 

2 purification system comprises a separation matrix for 

3 separating said nucleic acids from said contaminants. 

1 38. The system of claim 37, wherein said separation 

2 matrix comprises functional groups for preferentially binding 

3 said nucleic acids in said sample. 

1 39. The system of claim 38 , wherein said functional 

2 groups comprise poly-T oligonucleotides. 

1 40. The system of claim 37, wherein said nucleic acid 

2 pur if ication system further comprises an electrophoretic 

3 system for applying an electric field to said fluid sample to 

4 separate said nucleic acids from said contaminants. 

1 41. The system of claim 37, wherein said separation 

2 matrix comprises a gel matrix. 

1 42. The system of claim 37, wherein said separation 

2 matrix comprises a membrane disposed between said sample and 

3 an anode of said electrophoretic system. 

1 43. The system of claim 1, wherein at least one of said 

2 at least two chambers is a reverse transcription chamber, said 

3 reverse transcription chamber having disposed therein an 

4 effective amount of a reverse transcriptase enzyme and the at 

5 least four deoxynucleoside triphosphates. 

1 44. The system of claim 1, wherein at least one of said 

2 at least two chambers is an in vitro transcription chamber, 

3 said in vitro transcription chamber having an effective amount 

4 of an RNA polymerase and at least four different nucleoside 

5 triphosphates, disposed therein. 
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2 at , SyStem ° f Clalm lf Wh6rein at l«t one of said 

3 sy Ste : f :;° fr chambe : s comprises a nucieic ^ ^—j:; 

system, for fragmenting a nucleic acid in a fluid sample. 



1 46 

2 



3 



adjacent said fragmentation chamber. 



3 fabricated on a first surface of said chamber. 

1 48. 
2 
3 
4 



48. The system of claim 45, wherein said fragmentation 

~ :t:zz at ti one channei ~ -^^i- 

sectional IT I haVing 9 cross- 

sect xonal dimension for generating a high-shear rate. 

2 1 mixing'syste* IT" ~ Clail " CO »^"* - "uid 

of said at l f ° r / 1X:Lng S3id fluid S -Ple within at least one 
or said at least two chambers. 



3 



1 50 

2 



The system of claim 49, wherein said fluid m i xino 

r::r 0 „7of s \v piezoeie ^ ~ 

least one of said at least two chambers. 

f 

^.n: ~\n:.T ohMbar aa3aoant to a - a 

ch.„ber „ a saia „ parate chaDb . r to ^ on. 

2 co»p r i s « = The aySta " ° £ ° laim 49 ' »y=te„ 

4 said at I.'.! 1 Ural " y ° f mata " iC "i.POB.d within 

5dia at least one chamber; 

l I-... elactro "»9n«i= fi.W operator adjacent said at 

least on. chamber, whereby when said electrcagnetic field 
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7 generator is activated, said metallic particles are vibrated 

8 within said at least one chamber mixing contents of said 

9 chamber. 

1 53. The system of claim 49, wherein said mixing system 

2 mixes a fluid sample contained in a hybridization chamber. 

1 54. The system of claim 1, wherein said fluid transport 

2 system comprises a micropump disposed in said body and f luidly 

3 connected to at least one of said plurality of chambers. 

1 55. The system of claim 54, wherein said micropump 

2 comprises an electrophoretic pump. 

1 56. A miniature fluidic system, comprising: 

2 a body having at least first and second chambers 

3 disposed therein, each of said at least first and second 

4 chambers having a fluid inlet and being in fluid connection, 

5 and at least one of said at least first and second chamber 

6 being a hybridization chamber for analyzing a component of a 

7 fluid sample, said hybridization chamber including a polymer 

8 array, said polymer array including a plurality of different 

9 t-alymer sequences coupled to a surface of a single substrate, 

10 each of said plurality of different polymer sequences being 

11 coupled to said surface in a different, known location; 

12 a sample inlet, f luidly connected to at least one of 

13 said first and second chambers, for introducing a fluid sample 

14 into said system; 

15 a fluid transport system for moving a fluid sample 

16 from said at least first chamber to said at least second 

17 chamber. 

1 57. The system of claim 56 , wherein said polymer array 

2 comprises at least 100 different polymer sequences coupled to 

3 said surface of said single substrate, each of said plurality 

4 of different polymer sequences being coupled to said surface 

5 in a different, known location • 
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2 con^r ^ e i SyStem ° f Claim 56 ' wh ~ein said poller array 

3 ITT I 1000 different P o1 ^- sequences coupled to 

3 said surface of said single substrate, each of said plurality 

4 of different poller sequences being coupled to said surface 

5 in a different, known location. 

1 59. The system of claim 56, wherein said polymer array 

2 ::t r: ^ ^r: ---.—rent m seguences couple y d 



3 to said surface of said single substrate, each of said 

4 Plurality of different polymer sequences being coupled to said 

5 surface in a different, known location. 



1 60. The system of claim 56, wherein said body further 

2 comprises a transparent region disposed over said 



- — ^ — «xopuseu over said 

3 hybridization chamber for detecting hybridization of a 

component of said fluid sample to said oligonucleotide array. 

1 61. A miniature fluidic system, comprising: 

a body having at least two distinct chambers 
3 deposed therein, each of said at least two chambers being 

1 lllZL~ Bd to at least one other of said at least -° 

7 . •„ . , 3 SamPle ±nlet ' fluidl y connected to at least one of 

7 said at least two chambers, for introducing a fluid sample 

8 into said at least one chamber; 
9 

10 



11 
12 
13 
14 
15 
16 
17 



a fluid transport system for moving a fluid sample 
from at least a first chamber of said at least two chambers to 
at least a second chamber of said at least two chambers; and 
„ * se P arat i°n <*annel for separating a component of 
said fluid sample, said separation channel being fluidly 
connected to at least one of said chambers and including at 
least first and second electrodes in electrical contact with 
opposite ends of said separation channel for applying a 
voltage across said separation channel. 



1 62. The system of claim 61, wherein at least one of said 

at least two chambers is an extension reaction chamber, said 
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3 extension reaction chamber being fluidly connected to said 

4 separation channel, said extension reaction chamber having 

5 disposed therein one or more reagents selected from the group 

6 consisting of a DNA polymerase, deoxynucleoside triphosphates 

7 and dideoxynucleoside triphosphates. 

1 63. The system of claim 61, further comprising at least 

2 four separation channels and at least four extension chambers, 

3 each of said separation channels being fluidly connected to a 

4 separate one of said at least four extension chambers, each of 

5 said separate extension chambers having disposed therein a 

6 different dideoxynucleoside triphosphate. 

1 64. The system of claim 61, wherein said body further 

2 comprises a transparent region disposed over said separation 

3 channel for detecting said component of said fluid sample. 

1 65. A miniature fluidic system, comprising: 

2 a body having at least two chambers disposed 

3 therein, at least one of said at least two chambers being an 

4 in vitro transcription reaction chamber, said in vitro 

5 transcription reaction chamber having an effective amount of 

6 an RNA polymerase and four different nucleoside triphosphates, 

7 disposed therein; 

8 a sample inlet, fluidly connected to at least one of 

9 said at least two chambers, for introducing a fluid sample 

10 into said at least one chamber; and 

11 a fluid transport system for moving a fluid sample 

12 from at least a first of said at least two chambers to at 

13 least a second chamber of said at least two chambers. 

1 66. A miniature fluidic system, comprising: 

2 a body having at least two chambers disposed 

3 therein, at least one of said at least two chambers being a 

4 cell lysis chamber, for lysing cells in said fluid sample, 

5 said cell lysis chamber comprising a jell lysis system; 
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6 
7 
8 
9 
10 
11 



said .* , 8 rT 16 inl6t ' flU±dly Connected to at least one of 

into" rf :V WO ChamberS ' f ° r int ^ci„ g a fluid sample 
xnto said at least one chamber; and 

*«- * , 3 f 1Uid tranSport s y stem moving a fluid sample 
from at least a first of said at least two chambers to at 
least a second chamber of said at least two chambers. 



2 svc * " * SyStem ° f Claim 66 ' Wherein said omll lysis 

* ZtZ, r™ 3 Seri6S ° f " iCrOS trUCtWes fabricated on an 



fiuir T of said lysis chamber ' whereb * -id 

fluid sample over said microstructures results in lysis of 
cells in said fluid sample. 



1 68. The system of claim 67, wherein said cell lysis 



3 



, ^ —w^j.^ element aisposed 

overT / aid CS11 f ° r flOWin ^ said ^ sample 

over said microstructures. 



2 eham » ^ ° f Claim 67 ' Wherein said ce " ^sis 

* chamber comprises an electrolytic p H control system, for 
alterng a p H in said cell lysis chamber. 



3 



1 70. a miniature fluidic system, comprising: 

z a body having at least two chambers disposed 



. - w**«*„^i & uisposea 

nucl!r' a !, l6aSt ° f at l6aSt tW ° Chafflbers be «g a 

nucleic acid purification chamber, for separating nuclei! 

acids in said fluid sample from other contaminants in said 

fluid fiamrtl**. 



6 fluid sample; 

I said at , 8 ! amPle inlet ' flUidly COnnected *° ^ least one of 

9 ±X ^ chambers, for introducing a fluid sample 

9 into said at least one chamber; and 
10 

11 



12 

1 
2 



nuel . ' flUld trans P°^ system for moving said separated 
nucleic acids from said nucleic acid chamber to said at least 
a second chamber of said at least two chambers. 

71. The system of claim 70, wherein said nucleic acid 
purification system comprises a separation matrix which 
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1 selectively binds nucleic acids in said fluid sample, but not 

2 said other contaminants. 

1 72. The system of claim 71, wherein said matrix 

2 comprises a silica matrix. 

1 73. The system of claim 72, wherein said silica matrix 

2 comprises glass wool. 

1 74. The system of claim 71, wherein said matrix 

2 comprises a solid support having poly-T oligonucleotides 

3 coupled to said solid support. 

1 75. A miniature fluidic system, comprising: 

2 a body having at least a first chamber fluidly 

3 connected to a second chamber by a fluid passage; 

4 a sample inlet, fluidly connected to said first 

5 chamber, for introducing a fluid sample into said system; 

6 a differential pressure delivery system for 

7 maintaining said first chamber at a first pressure and said 

8 second chamber at a second pressure, said first pressure being 

9 greater than ambient pressure and said second pressure, being 

10 greater than said first pressure, whereby when said second 

11 chamber is brought to ambient pressure, said first pressure 

12 forces a liquid sample in said first chamber into said second 

13 chamber. 

1 76. The system of claim 75, wherein said differential 

2 pressure delivery system comprises: 

3 a pressure source; 

4 at least first and second passages fluidly 

5 connecting said pressure source to said at least first and 

6 second chambers, respectively; 

7 a first fluidic resistance disposed in said first 

8 passage between said pressure source and said first chamber, 

9 said first fluidic resistance transforming a pressure from 
10 said pressure source to said first pressure; 
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11 
12 
13 



15 
16 
17 



a second fluidic resistance disposed in said second 
passage between said pressure source and said second chamber, 
said second fluidic resistance transforming said pressure from 
14 said pressure source to said second pressure; and 

first and second openable closures in said first and 
second chambers, respectively, whereby opening of said first 
or second closures allows said first or second chambers to 
18 achieve ambient pressure. 

1 77. The system of claim 76, wherein said first and 

2 second fluidic resistances independently comprise one or more 
fluid passages connecting said first and second passages to 
said first and second chambers, said first fludic resistance 
havxng a smaller cross-sectional area than said second fluidic 

6 resistance. 



1 78. The system of claim 76, wherein said first and 

2 second fluidic resistances independently comprise one or more 

fltliri naeaa»_.. ^_ • .... 



5 



7 
8 
9 
10 
11 
12 
13 



fluid passages connecting said first and second passages to 
said first and second chambers, said fluid passages of said 
first fluidic resistance having a greater length than said 
fluid passages of said second fluidic resistance. 



1 79. a miniature fluidic system, comprising: 

2 a body having at least a first chamber f luidly 



3 connected to a second chamber; 

4 a sample inlet, f luidly connected to said first 
chamber, for introducing a fluid sample into said at first 

6 chamber ; 



a differential pressure delivery source for 
maintaining said first chamber at a first pressure and said 
second chamber at a second pressure, said second pressure 
being less than ambient pressure and said first pressure being 
less than said second pressure, whereby when said first 
chamber is brought to ambient pressure, said second pressure 
draws a liquid sample in said first chamber into said second 
14 chamber. 
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1 80. The system of claim 79 , wherein said at least a 

2 first chamber is fluidly connected to said second chamber by a 

3 fluid passage. 

1 81. The system of claim 80, wherein said differential 

2 pressure delivery system comprises: 

3 a pressure source; 

4 at least first and second passages fluidly 

5 connecting said pressure source to said at least first and 

6 second chambers, respectively; 

7 • a first fluidic resistance disposed in said first 

8 passage between said pressure source and said first chamber, 

9 said first fluidic resistance transforming a pressure from 

10 said pressure source to said first pressure; 

11 a second fluidic resistance disposed in said second 

12 passage between said pressure source and said second chamber, 

13 said second fluidic resistance transforming said pressure from 

14 said pressure source to said second pressure; and 

15 first and second openable closures in said first and 

16 second chambers, respectively, whereby opening of said first 

17 or second closures allows said first or second chambers to 

18 achieve ambient pressure. 

1 82. The system of claim 81, wherein said first and 

2 second fluidic resistances independently comprise one or more 

3 fluid passages connecting said first and second passages to 

4 sa^d first and second chambers, said first fludic resistance 

5 having a larger cross-sectional area than said second fluidic 

6 resistance. 

1 83. The system of claim 81, wherein said first and 

2 second fluidic resistances independently comprise one or more 

3 fluid passages connecting said first and second passages to 

4 said first and second chambers, said first fludic resistance 

5 comprising passages having a shorter length than said channels 

6 of said second fluidic resistance. 
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2 fluidIc' S vl meth ° d ° f di " Cting 9 fluid ^ in a miniature 

* riuxdac system, comprising: 

I first and Pr ° Vi f " fflicrofabricat ^ device having at least 

5 L f ChamberS diSP ° Sed therein ' where ^ each of 

w in Ta ^ SeC ° nd Chambers is in f luid 

6 with a common chamber or channel, has at least first and 

7 second controllable valves disposed across said fluid 

8 connection, respectively, and includes at least one vent; 

10 or channeir 1 ^ 9 ' PrSSSUre ^ Said ~ C ^ 

valve wh Se ' SCti ; ely ° pening said at ^ast first controllable 

froT: m y " P ° SitiVe PrSSSUre f0 " es said «u« «m P le 
from said common chamber or channel into said first chamber 



11 

12 
13 



a posits ^ ° f 0laim 84 ' fUrthSr co »P^«ng applying 
a positive pressure to said at least first chamber and 
select ivBi» ~~ — . , . . 



1 85. 

2 

. . ' ~ - LC=atoL tJ-rsc chamber and 

3 selectively opening said at least first controllable valve 

LTat :: id /! SitiV6 ~ -roes said fluid sample Lorn 
said at least fxrst chamber into said common chamber or 



6 channel . 



a h ° f Claim 85 ' Wherein sai * ™* comprises 

a hydrophobic membrane sealably disposed across said vent, 
wnereby when said fluirt 



1 

* " — SBdiaDi y aisposed across said vent 

3 whereby when said fluid sample contacts said hydrophobic 

4 membrane, flowing of said fluid sample into said at least 

5 first chamber stops. 

2 an „ 87 ' .J*" 6 ° f Claim 84 ' Wh6rein Said at least first 

2 and second controllable valves are selectively opened 



pneumatically. 



1 88. A method of mixing at least two discrete fluid 

^ components in a microfabricated fluidic system, comprising: 



—2 ~ , uuwprising: 

providing a microfabricated channel having a vent 
disposed at an intermediate location in said channel, said 

Vent hauinrr •» . , 



3 
4 

* ™>«+ w W * WA1 Mil MAa cnannel r said 

6 vent; ' 9 " f luid barrier disposed across said 
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7 introducing said at least two discrete fluid 

8 components into said channel separated by a gas bubble; 

9 flowing said at least two fluid components past said 

10 vent, whereby said bubble exits said vent, allowing said at 

11 least two fluid components to mix. 

1 89. The method of claim 88, wherein said gas permeable 

2 fluid barrier is a hydrophobic membrane. 

1 90. A method of repeatedly measuring a known volume of a 

2 fluid in a miniature fluidic system, comprising: 

3 providing a microf abricated device having at least 

4 first and second chambers disposed therein, wherein said at 

5 least first and second chambers are in fluid connection, each 

6 comprise at least one vent port, and wherein at least one of 

7 said chambers is a volumetric chamber having a known volume; 

8 filling said volumetric chamber with said fluid to 

9 create a first aliquot of said fluid; 

10 transporting said first aliquot of said fluid to 

11 said at least second chamber; and 

3-2 repeating said filling and transporting steps. 

1 91. The method of claim 90, wherein each of said 

2 chambers of said device provided in said providing step has a 

3 cross sectional dimension of from about 0.05 to about 20 mm, 

4 and a depth dimension of from about 0.05 to about 5 ram. 
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